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TRANSLATOR'S  PREFACE 
TO  SECOND  EDITION 

In  the  present  English  edition  the  translation  has  heen  revised  in 
accordance  with  the  second  German  edition  published  at  the  beginning 
of  the  present  year,  and  only  a  few  alterations,  necessitated  by  the 
advance  of  investigation,  have  been  introduced.  Of  these,  the  moat 
important  is  the  section  on  uranium  rays  and  radio-activity,  which 
has  been  entirely  rewritten  by  the  author  for  this  tranehition. 

In  revising  the  proof-sheets  1   have  enjoyed   the  excellent  co- 
operation of  Mr.  D.  F.  Twiss,  M.Sc.,  to  whom  I  would  here  express 

my  sincere  thanks. 

A.  F. 

BiKlllNUHAM,  July  1904. 
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[Thb  fsct  ihatt  in  tbe   apace  of  three  years,  the  four  thousand  copies 

fonuiug  the   first  edition   were  (tiitirely  exhausted,  hus  given   me  the 

idstiratice  that  in  spite  of  certain,  in  some  cases  p.-is8i(>niite,  opposition 

H  to  th«  line  of  inBtmctioTi  set  forth  in  th^  hook,  &  large  ciud  increasing 

^^uimber  of  younger  and  older  fellow-cliemistii  believej  with  mo,  in  the 

^BBtektlity  of  these  new  methods.     This  impression  was  strengthened 

by  the  fact  that  the  transla^tions  into  English  and  Kuasian  which  have 

appearefl  have  also  reiicht'fl  .1  cireulalion  which  ie  to  be  numbered  by 

thousands  of  copies.      Imnelationit  inUj  Japanese  and  French  are  also 

H  about  to  appe&r.     L&atly,  I  believe  ttmt  the  same  interpretation  may 

be  placed  on  the  (act  that  in  several  text-bouks,  both  in  German  and 

I  in  oth«r  languages,  these  neir  ideas  have  been  adopted  &nrl  applied  by 
other  aTithore. 
[  have,  therefore,  found  no  cause  for  making  any  esH«ntial  changes 
m  this  book,  although  I  have  felt  it  lo  be  my  duty  to  subject  the 
H  material   to  a   careful    reinaion,   and,   wlierc   netesaary,  to  correct  or 
^ftuDplify  it.     In  the  coi^e  of  the  intiYtdiictory  paragraphs  I  have  again 
Hfelt  the  desipability  of  rewriting  them,  and  of  developing  the  fnnda- 

Duental  conceptiona  in  a  clearer  and  more  toneiae  manner. 
^m  In  carrying  out  the  revision  I  have  enjoyed  the  excellent  assistance 
Hof  Dr.  Herbert  Freundlich,  to  whom  I  would  here  expreati  my  sincere 
duiiks  for  his  extensive  and  intelligent  aid.  In  expressing  my  thanks 
Htuthe  numerous  colleagues  and  fellow ^.-hemists  who  have  assisted  me 
^■ly  thd  communication  of  printer's  errors  and  of  objections,  I  would 
^lllio  make  the  i-eqii&at  that  they  will  lend  their  valual'S^t  &i-o|>eration 
in  the    case   also    of    this    new   edition.      For   such   aaeistance   I   am 
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indebted  more  especially  "to  my  colleagues,  Professors  Abegg 
Vater ;  as  also  to  the  translator  of  tbe  Englisli  edition,  Dr.  i 
Findlay.  Perhaps,  also,  I  may  hope  that  as  the  book  passes  into  1 
quarters  which  have  hitherto  held  themselves  more  aloof  from 
newer  chemistry,  criticism  from  the  point  of  view  of  the  requiren 
existing  there,  may  let  me  know  the  additions  which  may  be  necesi 

W.  OSTWAU 
Leipzig,  October  1903. 
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TBANSLATOR'S    PREFACE 


In  presenting  the  accompanying  translation  of  the  GrmuUinUn  iff 
anorgamgehm  Vhnnir  to  English'B{>eaking  Btudents,  the  tr&nslatoi' 
hopes  to  V)«  tliereby  contributing  somewhat  tn  a  more  wide-spreiid 
knOiwledge  of  Che  aiiplicHtion  of  the  moro  recent  Jevelopments  of 
General  Chemiatry,  and  conseiiuentty  to  a  more  jast  appreciation  of 
their  importance  in  the  study  of  the  O'thar  lii-anches  of  the  science. 

Id  t.he  prett^nt  iTAndaticiii  the  mifitalces  which  hA^I  crept  into  the 
German  >edition  have  been,  as  far  as  jKJsaible,  corrected,  and  otherwiee 
varioiis  minor  changes  have  heeii  made.  As,  hovrever,  these  have  all 
lieen  niinde  cither  at  the  autinor'e  suggeation  or  with  \i\a  approval, 
special  attention  need  not  be  drawn  to  them. 

On«  change,  however,  relating  to  the  iiomeiicLiturQ  of  the  ioHB, 
calla  for  apeeial  mention.  The  terminology  adopted  in  this  translation, 
«rith  the  approval  of  the  author,  \a  that  proposed  by  Profesaor  'lames 
Walker.  F.E.S.  [fli^mical  iVciw,  1901,  $4,  16*2).  I  would  expreafi 
my  thanks  to  Professor  Walker  for  his  kindness  in  placing  this 
nonienclalure  before  me  in  time  for  its  incorporation  in  the  preaont 
translation. 

The  proof-sheeta  have  all  paatied  through  the  bandfl  of  the  author, 
and  I  wfliilU  here  express  my  indebtedness  to  him  for  BUggestions 
mjide  while  the  book  w;wj  passing  through  the  press.  My  best  thanks 
are  also  Hue  l«  Messrs.  R.  S.  Hutlon,  M.8c.,  and  Sydney  A.  Ivay, 
RSci,  for  their  invaluable  aasielance  in  reading  the  proof-sfaeeu. 

A.   F. 


tTsn-EHBITV  Coi.LRti-B, 

LoKUuM.  January  \Wi. 
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firat  sketch  of  tho  present  ivnrk  datas  back  douMe  the  time 
lesignnted  by  Horace  aa  neceflaiiry  for  the  muttiring  of  a  literary  work, 
and  some  ot  the  &tlen;i|rts  to  overcome  tho  ilifijcultiea  which  were  then 
met  with  have  otctipied  me  during  the  whole  period  uf  my  aL'tivity  aa 
a  teacher.  The  recogniLion  that  such  a  taak  is,  by  its  nature,  unliniiteil, 
and  that  it  is  poaaiWe  to  imiml  U  off  Viut  not  to  brtn^  It  to  n  coiu-huskDt, 
tinally  brought  the  re&uiutiuii  to  maturity  to  give  publicity  to  the 
Mcompanying  atbeiopt. 

The  task  which  hereby  presented  itself  was  to  ao  iucorpornte  the 
iiBw  notions  and  theorieR  of  litientilie  ehemialry  in  the  course  of 
irutniction  that  the  atudent,  would,  from  the  beginning,  be  made 
nojiiaiiitwl  with  the  improved  views  inal^ad  of  having  first  to  lejirn 
the  older,  untenable  tmtiona,  only  to  find  out  later  that  thcae  must 
b«  d}andon<;d.  It  wae  therefore  necessary  bo  cotieiderubly  alter  tha 
fundanieii tal  form  which  is  at  present  found,  with  slight  niodificitioii, 
in  ihe  pi-eaont  lext-lMinks.  I  have  endeavoured  tn  do  this  only  to  euch 
an  extent  as  app^-ared  Xxi  \m  d^naandL-d  by  the  object  in  view,  and  have 
retained  as  much  ;w  was  pusaiblc  of  the  ap[iroved  forms.  If  in  this 
re*lMct  I  have  been  too  riwiicit  in  my  procedure  for  the  feelings  of 
sfioe  of  my  colleagues,  it  should  be  reffiemherod  that  new  cloth  in  old 
garments  wUl  not  suffice  here.  On  the  eontrary,  a  connected  whole 
can  lie  pi-odiiced  onty  when  it  is  formed  in  its  entirety  by  ime  mind 
»ic[  executed  according  to  mie-  plan. 

]  have  retained,  in  tho  firat   place,  the  antiiro-historical  arrange- 
nieiil.  of  the  aubj(;ctrraatt<ir.     One  could,  porhiipa,  even  now  veiitur 
^BexpurinieDt  of  constructing  chetniatry  fmin  the  commencemenb 
•  rational  science  on  the  basis  of  a  few  general  principles,  and  int 
dncing  the  deseription  of  the  various  substances  only  in  illustration 
ihew  general  laws      I  have  been  deterred  from  this  by  the  < 
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of  tbc  histoiical  connection,  tuid  by  the  recognition  of  the  fact  tb 
diversity  of  subst/inees  is  too  gi-esit  iLiid  n  kiioM'le<lf;e  of  each  of 
too  important  to  ullow  of  such  a  iii(!lhoi[l  of  treatment  Iwiii^  mai 
of  for  iiiatnicLion   at  the  [jresent   time.     Tlie  coiirae  I  have  pu 
therefore,  in  to  insert  the   geticral  hiws  in   the   traditional  frai 
the   njiluro-hiaturiciil   iirrangemeiit   acconliny  to   eleiufinta   and 
compouiiils,  iit  those  jKiinta  where  vamv  and   opportunity  for  il 
aontml    tlitjiwst'lv«s.      The   tiisli  to  be  uccniuplidhod    here    has' 
i-esemUrtiici'  to  an  nrtistie   problem  ;  for  the  insertion  of  the  g( 
lows  could  not  be  left  in  chanto  occasions,  but  these  laws  thoini 
ha(3    to   follow  a   systematic   arraiigement  which  would   «nsiire 
comprehension    am]     the    recognition    of    their    mutual    coone< 
Atcunlingly,  I  catinot   re^urd   tba  solution  attempted   l>y  me  a, 
&»ly  possible  one,  and  cnu  ima.giDe  tiuni'eroua  othei-  way;  of  atta 
the  end.      It  appeared  to  nie,  however,  to  he  worth  while  to  endei 
to  prove  that  such  it  oonrse  of  instruction  is  possible  at  all. 

A  text-book  which  pursues  reformatory  plans  of  the  above  ni 
appeals  nalura-lly  tu  two  kinds  of  readers- — the  teacher  and  the  Btm 
and  has  therefore  a  rioubJe  task  to  perform,  which  increaseB  the  la 
not  u  little.  In  thiQ  conii6ctio>n  I  h»ve  always,  tn  cases  of  doubt, 
bad  regard  to  the  requirements  of  the  student,  and  have  tberohy 
led  to  a  certain  fulnesa  of  trentraent  which  would  not  have 
neoossary  had  1  written  exclusively  for  the  teacher.  If  the  lattei 
to  lake  much  that  is  '' self-evident "  alun^  with  the  rest,  he  haj 
the  other  hand,  thi^  convenience  of  linding  tlie  suiije>cl-niatter  aln 
formerl  into  shape,  and  only  rei}uiree  to  modify  it  aceanling  Ut 
persuual  views,  wiihout  himself  lutving  lo  carry  out  the  remoitldio 
the  mikCerial  for  his  pupils. 

Witli  regard  lo  the  student,  I  have  felt  myself  pledged  to 
cKiTjirig  out  of  the  chief  though^  viz.  — to  offer  him  a  ra 
systematically  arranged  aabject,  strictly  developed  in  such  a  ' 
that  (or  a  comprehension  of  the  new  iiwts  only  a  knowledge  of  I 
which  has  preceded  is  uasumed,  not  of  that  which  follows.  To  ret 
the  first  study  more  easy,  thi^  discussions  which  in  a  first  reading  I 
b«  DtniUed,  either  because  of  their  being  more  foreign  to  tlie  sul|i 
in  hand  or  becimse  of  <?special  diAicultics,  are  niarkeil  with  an  astei 
In  all  coses  I  have  made  it  a  ndi;  to  introduce  general  discusai 
only  when  some  readily  intelligible  facts  fiirniafaed  an  exampla 
which  these  considerations  were  to  be  applied.  I  have  therefore 
hesitated    to    letuni    repeatedly  to   the    same    question  whenevet 
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kffftnd  to  Die  that  iu 


nt  the  point  where 


[ikte  discussion 

im  taUtxiue&il  would  l«id  too  far  iilield.  The  bcitiimor,  es[)eci:kllv, 
I  bupe  to  have  more  tb^ii  coinpensu.ce' I  fur  the  loss  of  systaniAtic 
ttrietnew  which  such  a  method  makes  iiec«ss«rj',  by  the  assuran-ce  of  u 
gmwr  fantiliarity  Hith  the  subject, 

firf  tlio  i-an'>'ing  out  of  the  r;alional  conslructi'on  of  the  cheuiiuij 
rr»t(ni,  a  m«th>od  has  proved  isnib^Lble  which,  as  ha^  meanwhilu 
i^ipmrcd.  w«»  always  applied  by  tiiie  recently  deueased  great  master 
ofrhemical  inveiili^iiun  )Uid  teuchiug,  Ui>l>crt  nniiseii.  It  conBisis  in 
girin;;  k  «b(irt  summary  nf  the  ehemicjil  relalinns  which  lire  fiiniiliar 
tocTcrr  one  from  Ids  daily  life,  after  the  fundiimental  coticeptioris  uf 
diemisirj  havi^  heeti  ef^t^iblished.  but  Wfore  the  regular  desrription  of 
[^  u]tiiitAn<;e3  jintt  Iheir  transfoi'mations.  This  summary  appro priiitoly 
(uUnn  on  the  introductian  of  tha  conception  of  e-heinUnf  eltmetjfs  ■ 
nut  nnl)' dovis  tlijit  conception  thereby  receive  ample  illustratiurij  Imt 
lit  further  adviiutage  is  obiairied  that  where,  as  bo  often  otc^ura,  the 
necxsuty  ames  uf  nieiationing  substiiiKcs  ivhk-h  are  treated  only  at  h. 
libT  point  of  the  course,  reference  can  he  made  to  what  has  there 
hKnaaid. 

I  have  exercised  pBrticala.r  care  in  the  development  of  the 
amotion  oj  ir/nx  Siiffifieiit  alieniiou  \e  porha|)s  not  paid  tu  ilie 
poanMlitf,  the  necessity  even,  of  introdiieing  this  coucoptiun  «s  .x 
punsljr  dieinical  aud  not  as  an  electricul  one.  Even  although. 
brtoricMll}',  it  arose  as  tlie  latter,  its  impoi'tanci^  in  chemistry  depends 
Mwntiillr  Dti  its  giving  expi-e^eiuii  to  the  cheinira]  tuct  of  the  mtliri'fml 
nmtum»  i-/  the  cfrKpffKtnU  0/  suite,  and  it  13  in  Ibis  eenae  that  1  have 
dfrdoped  il.  The  f-icte  of  electrolysis  and  Furadjiy's  liivv  serve  then 
only  to  iriileti  mid  to  deepen  the  conception  ubtuinitd  by  a  cheminil 
owtiKKL  I  bclievtt  also  that  this  is  the  uay  in  which  these  viewH  can 
U  introdiKod  evi^n  ut  a  very  early  stage  of  cheTiiieal  instructioti,  without 
iMkiDg  too  great  demands  on  the  pupil. 

lu  tbU  connection  I  catitiot  rcfniin  from  eKpreeaing  my  Conviction 
U>u,  comjutrr^  with  formeily,  the  demiuKk  made  on  the  intellectual 
«w>peniion  of  the  student  of  chemistry  umst  be  increujsed.  In  prO' 
^«tiun  u  clieiniatry  develojis  from  the  condition  of  a  descriptive  to 
iai  »f  a  nitiunni  r^ciencc.  it  makes  gienter  claims  un  the  powera  of 
ifuKight  niid  jilMlractiun  of  itfi  diacipk'r^.  In  thia  ix>a|iect  it  approaches 
Dinv  atid  more  to  phy&ics.  8tlice,  indeed,  it  in  chiefly  the  eaine 
<iiJct)t«  who  are  nr  the  s;ime  lime  learning  chemistry  and  phydcE,  the 
muUm^ual  activity  with   whicli  the   )>Li].dtfnt  of  piiyeicti  is  accredited 
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iM^  alao  be  ctumeil  fur  the  student  of  chembtry.  I  caonoc  conceal 
tbR  tact  tbat  I  \iAve  always  been  greatly  griered  by  the  eoiwcioQS 
4mceQl  to  a  lower  intellcctiul  stage  wbich  is  so  often  found  in 
elcRuntarjr  cheniirAl  text-hooks  as  compared  with  th*  teM-books  of 
fitfrita  or  of  mntfaeinaijca  designed  for  the  aame  period  of  study. 
Thw  pirciiniHtance  is  certainly  to  a  great  extent  the  cause  of  the  idea 
which  90  readily  arises  among  the  younger  physicists  that  chemistry  is 
a  «d«t)ce  of  a  lower  rank. 

If  the  preaent-tiiiy  chemistry,  therefore,  make«  greater  demasds  on 
tb«  power  Qf  fAUQtinl  thinking,  it  ako  renders  the  purely  memory 
«e^  of  mastering  the  eubjeet  coasider&bly  more  easy  for  the  student. 
The  growth  of  the  seientifie  iuteqiretation  and  elucidntiou  of  the 
mfUiM  factd  of  chemistry  facilitates  in  the  highest  d^ree  the 
imprnsion  of  them  ou  the  mind  and  their  application,  and  at  the 
maas  tiaae  affords  an  incomparably  greater  intellectual  enjovmeni;  than 
the  atady  of  the  olderi  eseentiolly  descriptive  cbemistry  could  offer. 
From  the  experience  gained  from  Laboratory'  teaching  during  a  number 
«4  years,  J  l>eHeve  1  may  assert  that  il  is  just  for  those  students 
who  are  endnwecl  with  some  tendency  towards  independent  thinking 
that  the  study  of  chemistry  becomes  both  more  easy  and  more  living 
through  ite  presentation  in  the  modern  spirit. 

A  f^w  w(ird«  otig^ht  aJfio  to  1^  s^i.!  regarding  (he  faet  that  the 
intention  of  the  present  book  is  to  be  a  tcxt^book  of  pure  chemistry. 
Regard  baa  been  paiil  to  the  related  sciences  and  arts  only  iu  so  far  as 
ehrmurti  <\neM,V}ii3  play  a  |tart  in  them.  This  holds  in  the  lirst  place 
for  chemical  lechnotogy,  and  also  for  medicine,  agriculture,  political 
MOnomy,  etc.  The  inee<l  of  rendering  more  palatable  the  "in  itself 
<lry  "  material  of  r-hemistry  by  the  addition  of  such  matter  has  not 
lM«n  experienced  by  me,  nor  can  I  recognise  its  existence.  The 
■abject' matter  of  chemistry  is  dry  only  when  it  is  limited  to  an 
enDDieratirm  of  properliea  and  to  a  collection  of  prepiiraliye  receipts. 
So  aoon  as  it  is  treated  in  a  truly  fci'niijic  manner,  each  chemical 
compound  heeomes  the  centre  of  so  much  general  and  therefore 
intereatiiijt  discnssinn  that  embarrassment  is  felt  not  on  acj-HJiiint  of  the 
lack  bat  on  areonnt  of  the  abundance  of  relationships.  In  proportion 
iw  nny  t»ranch  of  study  tjecomea  more  scientific,  the  necessity  arises  of 
— -»ricting  it  to  iu  own  sphere. 

ourxe  we  do  not  Ii^re   speak   against   the  acquirement  of  a 

onwiwjge    i,(    the    telatyd    sciences    by    the    future    chemist- 

".     But  such   knowledge  will  be  all   th«  more  sound 
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the  Eftore  It  19  acqiiireil  liy  special  study  dirccte*3  to  that  oliject ;  iu 
ih*  indications,  ne-ires^arily  sgaiily  aiitl  incnmplete,  to  which  a  text- 
book of  chemielrj-  must  limit  itself  rather  give  rise  lo  tha  danger  that 
the  sttideat  tliinke  he  knows  l^hinga  of  which  he  Las  on  some  occasion 
licud  tacit  iiidic-itiuns,  ami  cnniiicltirti  a  eioser  stud^  of  them  to  be 
muieceMMr>'. 

Mocli  might  still  be  brv\   to  explain  And  justify  the  nietliod  of< 
UVftttDent  whcrciu  the  present  hook  differs  from  othera  wrctt^ii  for 
tiM  nine  puriKHe.     The  finiliiig  out  and  the  criliciatu  of  these  details, 
bowBTB-,  ought,  I  think,  to  bo  left  to  the  expert  t&acher  of  cheinistr?. 
In  the  interest  of  the  slwienl,  1  have  in  all  ciuses  avoided  &  poleiuical 
dlMiiHioo  of  opposing  opinions  ;  and  although  I  aai  prepared  to  grant 
the  pcMJbUity  aud  probahility  of  luisfaikes  iu  the  vioM-s  which  I  h:ive 
hare  given  ta  appearing  to  me  tn  he  the  most  Rppropiiute,  I  naverthe- 
beli«ro   that  I  tmiy  assert   that   these  views  are   the  mitcome  of 
couaidenition.      The  first   three  chapters,  for  example,  were 
rwnitten  four  and,  in  |mrL  five  limi's  before   they  assumud  the  form 
irhkh  they  now  have.     1  wimld   therefore  beg  the   reader  to  believe,  fl 
ID  ouca  where  doiiht  may  exist,  lUiit   there  was  some  epccial    reason  ^ 
for  the  pcuticuliir  position  adopted.     This  does  nob  exclude  biit  ralher 
involves  my  readiness,  in  any  given  «aae,  to  honour  any  upposing  i-iews. 
M»y  this  liook,  tiieu,  which,  in  a  certain  sense,  forma  the  coping- 
•tOM  of  ft  long  course  of  aetjv^i  work  pursued  -with  affection  towurds 
the  general   introdnction   and   extension  of   the    new  foundaliniiB  of 
rheiaittry  laid  by  Horstmiinn,  Willard  Gibbs,  van't  Hofi'^  and  Arrhenius, 
achlcTe  the  good  hoped   for,  ami  help  to  enlist  and  train  new  troops 
for  the  rictorioLis  march  of  our  liplendiil  science. 

1  cannot  conclude  theiie  introductory  remarks  ivithout  rcmomljering 
n  gntittuie  tbv  excellent  aesisldncc  aftoi-ded  me  by  Messrs.  Eyttger, 
Badettttcin,  Bi-auer,  Luther,  and  Wagner,  in  that  they  read  the  proof- 
iWeti  and  gnre  me  much  good  adxice  both  as  regards  the  fonn  of 
moment  aud  the  subject-matter.  My  8i>eci«l  thanks  are  further  due 
MMr.  BniH^r  (or  the  preparation  of  the  figures, — over  one  hundred  In 
Btmbtir, — wliich  wore  specially-  drawn  for  this  liook.  It  will  be  vastly 
■eea  that  they  arc  not  diagrammatic,  but  sketched  from  apparatus  netu- 
Jtf  |iBt  together  ;  I  hey  thereby  form  a  considerable  part  of  the  didactic 
pMtioil  of  the  book  relating  to  the  performatice  of  e.tperiniente. 
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CHAPTER    I 


CKNERAL   PK[Ni;lPLI<LS 


1.  Bodies  and  Sul)atances.^In  the  outer  world  objects  uan  bo  easily 
■Cogiii<>t'<l  llil^ing  n  ilefiiiiU-  fipntial  limit  or  form  and  distittgiiislied 
If  thfir  pr«|ii'niea  frnm  whut  suiTouiifls  them.  Such  olijeuta  are 
caDeil  Mir».  Kverv  Wiy  in  clumcWrised.by  iTie  properlies  by  mcBiis 
olvbiili  it  (M.I1  bi!  diatingtiULed  from  w.hJit  siiri'oiiiid^ '»£.";     , 

if  wa  itujigine  ii  liirge  niimVMT  cl^boiire^f  plpinuT  airfit'lrv'-slite  ami 
tmpftKd  wilh  one  anothLT,  we  foii  L'cjprBlii.t'e  them  in  vrrfibtia  kaj's, 
fffl  QUI  citneidtT  their  aizu  and  fum'.'alid  itrrjiitge  them  itEi;ijrdiuc  to 
^le  i|ffltml   [impcrtieE,  or   ive  Piay  niigltiel   llie«e_  imd  eoiieidep  only 

otker  propei'iie*;  nini-e  (i(til.iail.ii-iy  those  whidi-  arr  ila>  Ju'nwjTt 
Mvy  pwfuKi  of  the  pren  botlif.     Such   properties  w<?  ^hnll  caU-^i!(;^'r 

II  w«  leave  sixe  nnd  form  ou^-  ^1  aLt;ount  and  urrangr  tbe'/>odius 
■  ndi  k  mnniier  tLjil  those  whicJia^tTo  fu  th«ir  specific  .jmopertieis 
n  iiiunl  tti  llie  sii.nie  group,  ihen  ihf  IjotlidH  arfc  ci\'!oii'\:iiM/'tfiiirs, 
Dn  iloi,  th«  knife,  ihc  borer,  •■iiid  ihfr  Vurijma  objeL-ts  dtt -the  tool 
bcanl,  are  so  many  dilTvreiit  IkhIIi's.  If,  hoT'ever,  wflwaVe  the  foriij 
4  IftcM  onl  of  iiccount  nml  cunsitler  them  with  reference  to  thi'ir  other 
(nfNnie*  which  aw  imlepeiident  of  the  form,  we  sh;il!  will  them  the 
^>^  for  tbc)'  all  cr>aBisl  of  the  etime  Lnnl,  hi;»vy,  and  tou>;b  mnleiiitl 
tAA  lUel,  which  e:«hi1iits  the  siime  properties  whether-  it  is  in  htr^e 
•  aull  piocta.  Steel  is,  therefwi;,  thft  Kithiituno'  of  ^vhich  the  ubove- 
■Md  MifJ  nitHBitit. 

It.  ilio  Mint)  wayt  oTery  oiio  will  call  tlie  ycllurt',  pulvftrisablti  lumps 
■  irn  with  a  p«.l«  bill*  flame,  sulphur,  no  maiter  whother  they 
-T  4.,.^-^  ,>r  email,  r<?g«ljir  or  irrtfgubiii'  in  form.      Siiljihur  is  the  ii»nie 
<f  t  ihIhLiuico 

Thv  (art,  HUM,  that  lurigtiage  posaesaee  a  fairiy  large  immtwr  of 
Mam  tot  (lilTercirt  sohstanccs,  is  the  expres*ioii  of  a  ^eueml  e-r|wn'- 
Sta  or  of  u  Uw  of  imttin?.  Just  n^  in  the  rnse  of  aniiiiuU  and  plants, 
mint  riw  iliffrrui  inanimate  bodies  can  k  separated  aUa  dtjinik  "sgedta," 


FinSCIPLE^  OF  INORGANIC  CHEMISTRY 


«licli  of  whtc^h  embnices  a  lavge  nunibur  of  individuals  or  f> 
BubaUtDceij  with  coiicordarit  [>rvi»erfrioa,  As  t»  known,  the  iiiiinl>' 
species  in  the  nise  of  aninwls  and  pUnu,  aithcjugli,  cerUiiiily, 
krge,  is  still  incouipiriibly  smaller  than  the  number  oi  llio  individ 
Likewiee,  the  number  of  sulistancea  which  difi'er  in  their  prope 
althQ'lgb  largi?,  is  IncoiaparAbly  sTnallcr  thun  that  nf  the  single  hot 

This  fact  can  alao  be  exj-ircBsed  by  saying  that  in  the  bf)dies  t 
do  not  octitr  all  imagiiuiblii  collocations  tif  (iropeb'liefl,  but  only  cei 
dejimit  ones.  Evary  such  coUociition  of  properties  which  does  n 
ocoiir,  cbiirjietei'iBeB  a  '//•fuiilH  .^iilifdiic^,  arid  the  fyct  tlmt  the  b( 
which  ocair  in  nariive  can  be  arranged  in  such  groups  or  "aubBts 
spociea,"  ia  iha  strvtcment  of  fin  important  htw  of  nature,  flie  /niKtam. 
law  fif  cliemhln/.  It  is  iLe  objcft  of  chemistry,  iis  Ji  science,  to  k 
the  properties  n(  :i7jh.'ttiivfx  '  ntid  the  relations  which  exist  betv 
them. 

2.  Chemical  Phenomena. — AecorJingly,  ainee  Chemistry  d 
with  tht  (ibjects  ^m!  prncesaes  which  niiike  up  the  outer  world,  it  fc 
part  of  the  Aulurn/  .SciVmirs.  Although,  in  reidity,  there  is  only 
Nataral  Sciejieej  [jst^ndiiig  over  the  whole  range  of  phcnomeiiR, 
the  necess't^^' t>f .-IiicditiiUnj;  "tjio  survey  of  the  whole  extent  of 
knowlj^tigii-fttt'ii'lejl^  i;vcn;-^."iri' wirly  pennd,  to  the  forniwtion  of  i 
Jivisroff^,".'ijl.fl'hieh  werb-grj^h'taftil.  toyother  pbenomeuii  mort'  eld 
ralirted  to  one  nnother,  (>.  siraiiitf '  phcnonienii.  Such  a  sidwiiviBia 
fin;jui!d  bjf  Chemistry.  .  .  i 

■  -TJifi  exact  delinitiun  of  the  subject-mattor  of  chemistry  and  of, 
bdjyKl^r,'?  becipeeti  il  :iiid  tha  other  branches  of  sdence  rykted  tt 
canhoi*  V>p  given  nt  this  point,,  siiice' for  this  |Hirpo&i3  there  is  neceaa 
a  kyifrwleifge  of  fiicts  which  havejjrs't  to  be  given  in  this  work.  3 
it  M'tll-a-^plify  matters  foi  tho  licjpnner  to  give  hini  ii  token  bj'  w1 
most  Hf.the  ubeniieal  phenomena  can  bo  reeogniaed,  and  whieh  j 
therefore  aftbrd  him  giiiJun^e  aa  to  the  direction  in  which  he  hoi 
give  his  attfeistion.  1 

We  have  aten  that  ikiuneroua  suhnlaiieca  con  be  distin^^iishdd  vi 
we  consider  their  specific  projicrties.  These  substances,  however^ 
not  represent  something  thtit  \^  unchnngenblc,  for  we  often  nba 
that  a  body  eonsisting  of  some  definite  subatfince  undcrgncs  c/iik 
i.e.  its  relations  to  the  instruiuents  of  ecnae  by  mciuiG  of  wliich-j 
perceive  it,  and  to  its  environment,  are  altered.  Such  changes 
be  divided  into  two  large,  ulthough  not  shurply  defined,  grc 
iCilher  tkeij  affrrl   imhi  one  or   some  few  rthitimis    iiiul  -propntits  ofi 

'  A«  th»  tesnXx.  of  ru  iiiilvhiiLbmisu  in  the  usu  oX  lunaunge  wbich,  il  is  to  be 
i«  very  wide  hpreiul,  flue  ufteii  llmls  in  lunt-hooka  unil  iiic-nmirs  Uint  llie  TWO  Conc«l 
of  lioily  auil  siiVj.siuitin-  jirt-  not  ktiit  rigiill)-  seiiuroti!,  liiiL  lire  mixi?il  up  in  »m;li  a  * 
ChiLt  llm  wnni  lioclv  is  ujftfiii  ElMfd  whi!rv  nri l^struiica  is  iiitijpJrd.  DbSflri^iLioQh  alitrli 
*'Siil|ihur  is  a  yellow.  Iipittle  /"v/u,"  inrita.v!  of  «"/«/««(>■,  oi'i:!!!"  Vi'l*;'  )i'w)tl*lit!y.  In  1 
fiiwk.  MS  FtJmll  ulwajK  itraw  a  sliiirii  ilisiiiiutioii  IwtwoL'ii  the  two  icleiw,  aud  it.  la  ileair* 
tlmt  llie  genoi'Bl  dcleiitiClu  nsogi?  ahunliU  in  this  reaptct.  Also  aasiiltiu  a  iiiuru  ilctlnite  \ 
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•/f    til' If  iirr  iij  If   tiiiifr  riuliritl   iiadire^  mjfift  that  thf  litxly' 
yiltvn  tliMj'fiirs^  ««'■/  (7a  p/itrt  in  tnkm  htj  otJia'  IhjiJii-s  havxnif 
ijmcifil-  prufirTtifS. 
PlMnomatm  of  tiie  formei'  kind  Lclun^  lu  i'liysi<:f ,   tliu^e  uf  thu 
boter  to  t'hemulry. 

Tak*^  for  example,  some  dttinite  l>ody,  such  aa  a  piec«  of  8H![)hur. 
If  w*  piish  it,  il  chfiiiges  ils  place;  it  mils  over  the  tiibla  None  of 
iU  otkcr  prMpcrlics,  linvccver,  niideiy"  chiinyi; ;  it  rtijiiris  il^  yclluw 
colour,  il«  form,  iLs  weight,  etc.  Movement  ifi  tlii^refore  a  /ihi/xtr^il 
pben«Mn«non. 

We  ran  place  llio  piece  nf  sulphur  in  liot  wdtor,  Mini  it  acriiiirea 
iberetjf  the  property  of  proilncitig  the  s«naAtK>»  of  wacmth  when 
pWeil  (III  tbc  gkiii.  No  oLlier  cliiiri^i:!  can  lie  pcrceivt.<i.l.  If  wi^  nib  it 
«itii  A  clf»tli,  11  ACfiuires  the  piiiperi.y  of  iittnicting  light  ohJMt**,  audi 
M  BcnfH  of  [in{i«r ;,  it  bus  become  elettriBod.  ilcrt-,  ug^iin.  no  nther 
c^Mige  in  in  properties  can  b«  reL'ogniscil.  Tlieso  phoiiomemi  are, 
tbercfiirc,  also  to  l>e  a«sigiic4  lo  fihi/sin. 

W'a  aaw  bring  the  piecy  uf  snipbur  in  fontact  lyith  u  Hainiw.  Jt 
teke*  Are  and  IwgiitA  to  hum  with  n  blue'  tluine.  The  smell  of  )iurii- 
iog  mlpfmr,  also,  (iccomos-  rioti(;eiibJi;,.-fl!rLi_:)!^  the  liiiinin^  Justs  snmo 
timOt  the  sulphur  diajippcars;  il  ^sbiihj.t,:^'  IiL'tlii'a  ]T(V;e5s,  iiul  only 
^^  partioilur  prajwrties  of  the.  Ailijnitir  undcigo  (change, 'But  the 
iiir  disiippeurs  altogether,  sit  that  we  can  no  longer  sec  it  at.  all. 
FRm  the  smell  which  arieos  at  the  Rairfe  time,  Eind  which  was  not  there 
Mitre,  we  aiu  conclude  that  aomcthiig  elae  has  beuii  prodiiCiGidTToiii  it. 
In  ihii  cKse,  theitsfoi-e,  tbt!  sulpbiu'ii.TU-Mridciyoim  a  c/iemiail  process. 

We  rvoo[:ni:si"'  aiich  chcmicAl  ^irijaiseJ'g  cvi;n'M'bt>ro  aroiiinriiii.  The 
tamiDg  iii  pc'iMiloitiii  and  stearin'ii3.oili'_fiUiip&  suid  candleg,  tf  eual  in 
nor  finst  lh«'  irjiiisloniiat.ioii  of  foo(l*^_ljstii>ic'G&  in  tbu  jirjr.^iU.  f.r>;aniam, 
the  {trorcsaes  coiniet.^to(!  with  ibf  giriiniia^ioii  and  j^ruw^h  .>!'  plunts, 
Um  nutinK  of  iron,  the  ticrniiig  snur  of  mnV,  tlie  putrei&ctian  of  dead 
auaul  aiitJ  V(><:;<.'t»ble  iiiu.tter,  and  ipriumei-iible  otbel-  phenomi'na  of  n 
Ske  iuivd.  MM  identitiLvJ  as  '-hainoil  throii^'b  tbo  disappearance  of  cxi&t- 
inj*  binlifs  am!  Iliw  iippcai'ance  of  new  ones  posfiessiiig  olber  properties. 
T<>  fiiid  uul  the  laws  <'{  :\\\  thosB  phenniqtjiui.  is  tile  liLtk  of  the  science 
of  rhinnistry. 

3.  KxpAri«nce. — in  iie60ril>]tig  ilic  simple  phenomena  with  i\'hich 
•e  have  jnsl  Ireeii  occiipieJ,  wo  havu  employi'd  vaiioiis  conceptions 
•d  idea«  of  whi'l)  we  daily  make  iwo,  und  whiyh  are  ther&foro  ffiinilinr 
m  u  F((r  scieiilitic  pui'po8<>s,  however,  wc  dare  not  rest  satisfietl  with 
lh(faot«wb>kt  indefinite  ami  arbilnry  notions  which  we  attivc-h  to  such 
Will  in  ordinary  life  ;  their  /nil  purport  mnat  be  e\araiiied  and  their 
Bh*iiti>{;  &^t4ibH$bed  with  iU'tinit4>rit!33. 

Tbal  which  <:nU;rc'  directly  into  the  consciousness  of  a  particular 
B^fUaal,  t«  Uie  chatigiug  conditions  of  his  miml.  Via  soon  djstin- 
pUi  belween  the  ifuntr  and  the  0\U«r  exjiorieiices ;    the   former   are 
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itopori'IiTil  wi  our  will,  iKe  liilter  arc  not,  or  are  so  only  indirettlv. 
On  Hvcoiiril  iLif  tlriiH  iri<]eiH.'iiH(!ric(;.  we  iisaume  that  such  experiences 
iiKVi:  I.h'iir  fjiiiJic.  Ill  miinetliing  tluit  is  differeiit  from  our  pei-scHi^  and 
ibf  Uittihly  tii  tiieHc  rxiwripricne  vte  call  the  outer  world. 

All  (iitr  exjiorienceB  tnrm  a.  neriCB  of  diverse  states  or  processee 
ililTrrinfr  Jimoiif;  lli(."m»civo».  An  event  is  never  repeated  in  exactly 
Uh'  wiriiL-  vtny  fw  it  liiul  rjiin'e  occurred. 

Our  roliition  t.o  lifi?  w<n[l<],  therefore,  be  that  of  a  wanderer  in  the 
iliirknoHH  t'f  nn  iiiilKriinvii  luid  li-aukle»is  region,  if  it  wert?  not  that  there 
nru  (!\iir<lji  whtcli  i*L'|i«u.t  iht'iiifleU'ea,  in>t  in  their  entirety,  it  is  true, 
hut  «till  lij  ;i  liir^a  i-xtent.  When  vm  have  exjjeneneed  a  number  of 
Niich  owun^nces,  we  arc  in  a  position  to  Jorcsea  the  probahle  further 
_ol  one  nt  ihcm  whoii  it  recurs.     If  it  is  an  event  which  influ. 

i''jii«Iitii»ti  in  soiiu'  jwirticuhir  way,  we  are  able  to  act  so  ne  Lv 

pain  the  ^nyiU-!!!.  a(Eviiiit*igo,  or  suffer  tho  lefist  liami,  from  it. 

'Mil-  n^'ontiitioh  (if  mich  evenle  as  in  largo  nteitsure  repeat  theiu- 
HolvcH,  in  nillcd  rrjinir/u'i:.  It  coiisista,  therefore,  on  the  one  hand,  in 
tho  roe"ynili"ri  wf-the  arcnmstHisco-e  nnder  which  definite  events  occur, 
mild,  on  thi-'ntliri'  huiid.  in-oUT  knawluilge  of  the  c/mrsf  of  the  events 
or  of  thi'  fc»wfu(.'inii>  nf  tlmiit  fuirt.".  . 

i.  'Oanteptiftna  and  Lawrf  of  Nature.— Not  science  only.  I.ut 
III)  i)Ti<rilvt(  IiTl'  whaluver,  hugins'Witli  the  collecting  of  such  aimiUri lies 
anil-thv  ilihtiiiguiwhirig  of  thenr  from  others.  Even  the  hriite  does  this 
H-hPti  It  fli'fkH  rtholter  in  thf  thickeiL  from  rain  or  from  a  pureuer, 
hettfiwirj  wiich  jwtioti  had  before  ■fWi-veil  successful  in  aimiiar  circiun- 
itUi\cit\».\  The  moHl  general  relfitsonfl  of  this  kind  are  eoiiUiineii  iti 
liiH^urt>;ti  .  Mvrry  jioun,  like:  ."do)^.''.br  "stone,"'  signifies  that,  we  iire 
(IciLliiiK  R'jl|i'fi  lar'^i!  syrics  of. jC'oncordant  exjiorienees  wJiJth  present 
ilnliniif  T»L.'*1  :tlv-i»y»  "I'uiiiTJtig  mmilaritica.  For  this  reason  the  word 
liulphur  hii41ii-lii»K  iii)t,  lut'us  My;  some  one  definite  impression  which  J  . 
have  once  hml  lit  anino  ^liffcit'uliir  time,  but  it  la  the  simiining  up  of 
Ipoati-'d  iitiprii-iHioiis  in  which  can  be  recognised  a  group  of  different 
%ai'arli*ri«tirs  whi^'h  always  occur  togeU«r.  The  ^um  lot*il  of  the 
cfin<''>ril[int.  cliiinifli'HMties — ■Ihitsi'  ifliirli  nrr  liisfnrtiant  bfing  eKitidfi — 
JR  ilion  j;al3ion'il  li.gi-Uier  In  une  .such  niirae. 

ThiH  ill  r.hd  caw  of  the  word  sulphur,  1  think  of  a  yellow,  solid 
HuliMlaner,  whitli  nin  Iw  nH  on  tire,  which  becomes  ]i()iii(I  at  a  not 
vurv  lii^li  li'inpi'niltirt',  which  sinks,  without  dissohing,  in  water,  and 
hnconkcii  oleclrilicti  «[i  being  nilitii'd,  I  Jo  not  think  of  aulphur  as 
having  a  dolinil"  nhapi-  or  si/e,  Imi  rather  I  denote  W  the  name  a 
IthX'e  of  any  »iii:e  iti  whirh  I  rciognise  the  properties  mentioned.  In 
tliii  (onofition,  thcn-foiH',  of  the  n-ime  sul]»hur.  ih^re  has  by  no  means 
tmnn  taken  into  account  the  sum  total  of  all  properties  of  some  definite 
tliixln  plow,  oxi«i»nt  or  imaginarv.  On  the  contratr,  no  attention  has 
limm  jKitil  lo  \\u'  »iit\  form,  and  origin  of  the  single  bodies  to  which  I 
Jtlvii   lUi-    lianio  of  siiljilmr,  hut  acooimt  has  been  uken  only  of  the 
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apei.'ifif  ]>ro|*rtie3j  i.c.  those  which  are  found  in  all  pieces,  in(iQ[j«ml6nt 
of  thc«c  differences. 

Such  an  exclnsioa  of  differences  in  phenomenn  which  in  other 
re«iHicts  are  flimilar,  is  cftlled  iMraiiinj/,  and  the  result  of  the  Jibslrnc- 
lioii.  whieh  in  iho  more  simple  casea  is  condensed  into  one  name,  ia 
termed  a  iviufjiiimi. 

As  is  evident,  one  and  the  EHnie  phenomonon  ean  be  elasiteit  under 
dilFcreiiL  coiiceptiona,  acconling  in  the  fliniilaritiefl  of  whi<:li  we  Utke 
uccouiit.  The  range  of  a  conceptiou,  or  the  niimlier  of  Biiigli;  pheiio< 
meoa  M'hich  can  be  included  under  it,  can  be  so  niucli  the  greater,  the 
fewer  the  points  of  agreement  which  are  considered.  At  the  one  ex- 
treme lire  the  single  niimes  which  mark  iridividuwle,  *,'■.  objects  wliich 
arc  to  be  ehjitucterised  Jis  only  of  solitary  occiuTenee.  In  tliia  case 
we  have  very  great  variety,  and  generalisation  conaistB  only  in  the 
object  always  [jreserving  cssentJally  the  same  properties  for  n  certain  1 
time — its  period  of  e-xisieno^. 

At  the  other  extreme  are  the  general  conceptions,  such  as  "thing" 
or  •'  objei-t,"  fii  which  emphasis  is  laid  on  no  other  projwrty  than  on 
that,  that  it  can  be  dialiiijruished  from  other  thiags. 

Now,  //iiT  vinsf  imporiiint  ui/vk  t>j  thjr  scieifes  cun.nnts  in  linf  formntiim  »f 
saitahie  iviifffitiuiLn,  A  nuilnhfr  conception  is,  however,  one  iinfler  which 
is  embraced  as  large  a  number  as  possible  of  single  phenomena  in  aiich 
a  manner  as  to  contain  the  largest  possible  mnnbcr  of  definite  state- 
ments regai-riing  each.     The  content  of  such  stiitementa  is  jrivcn  by 

the  iMU-t,  irf  yniiiir. 

5.  Time  and  Space. — One  of  the  first;  things  we  experience,  ia 
the  change  of  day  and  night,  ami  the  unbnAen  repetition  of  this 
change  of  light  and  darknosa  in  our  anrromidings  has  therefore  led 
to  &  fundAtneiitul  conception,  that  of  tivie.  Since  this  change  is  quite 
independent  of  our  mil,  we  employ  it  as  an  objective  measure  of  the 
events  of  yur  life,  ,ind  refei'  tlica*  to  the  marks  oi-  aigns  which  the 
chansie  of  day  and  night  affords  iis. 

For  many  oMmTi;ncea  this  mensure  is  too  iargii>.      It  is  therefore 
divided  into  parts.     The  x^'^-th  part  of  the  day-and-night  [pt-riud.  ual'"'^ 
th€  inwr,  IB  ws^d  99  the  nnit  in  dady  life-     For  ttcientitic  puryro^ies. 
-^^fflh  part  of  an   hour,  or  the   BrSirTrtli   pBi't  of  the  whole  ]>e 
serves  ns  the  unit,  and  is  ealled  the  .-'WJi*/, 

Ksperience  also  teachi-s  na  tliut  innuniorable  ditt'erciii:<-  ■"  '* 
can  exist  side  by  side  u>  Ifi/-  ntniir  tiwf.    This  iliversity  is  cut 
conception  of  spitrr,  in  which  are  aiinirai^d  up  all  geueralitit 
ties  by  means  of  which  we  ean  arrange  and  review  co-oxi( 

The  diversity,  which  we  cidl   fjici:!:,  is  a  threefold  t. 
itself  in  the  three  dimensions — length,  hrea<llh,  and  hej, 
measuremeuts  are  carricil  nnt   either  in  one   dimenaion   ■ 
lengtli),  or  in  two  dimen&inns  (.ireas>,  or  in  three  (s[i;icG  or  ■. 

Tlie  unit  of  length  ia  the  length   uf  a  platinum  rod  prb 
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(lepenilLHi t  oil  our  will,  the  liitter  ure  not,  or  are  so  otiiy  iuu 
Oh  account  of  this  indepeiidence,  we  itssiime  that  such   csj- 
huvu  their  wiufiie  in  something  that  is  difl'erenl  troin  fjiir  [fj. 
the  totality  of  these  experiences  we  call  the  outer  'n'orld. 

All  iiur  experiences  form   a  series  of  diverse  states  or   i-l 
diflering  amoiij;  theiiiselvee.     An   event  ifl  never  repeated 
the  saiiie  ivny  as  it  had  once  occurred. 

Our  i-eluliori  L*  life  woulrl,  therefore,  be  thnt  uf  a  wandi' 
darltneas  of  iin  -unknown  and  tniclcloss  region,  if  it  were  iiwt.  th 
are  evenls  M'hich  repeat  th<?msclveB,  not  in  tbeir  entirety, 
hut  still  to  a  large  extent.      When  we  have  expciienced  a 
such  occurrences,  we  are  in  a  [>o&ition  to  foresee  the  probaW 
CQurae  of  one  of  them  wlum  it  rccnrs.     If  it  is  an  event  wiuM. 
encies  our  eondition  in  some  piLrticulfir  way,  wt  arc  able  to  aU 
gniti  the  jjreatesl  advantage,  or  suH'cr  the  least  harm,  fixjin  i 

The  rcpftgnititm  <yi  such  events  aa  in  largp  ineaanro  ro; 
selves,  is  ctilled  erperknte.     It  consists,  thei'efore,  on  the  oti 
the  reeogiiittoiiof'the'circijtnstances  under  which  definita  ev 
and,  on  llifolhi'i  hand,  5n,'o'yr. knowledge  of  the  (viirsc  of  th 
or  of  Uv'^f'-fli'-li'l'-  lit'  tiiaiiC.fiJirvr. 

4,'P(ibi;epbi6ris  aridlMV'^^.Jlf  Nature. — Not  science 
ail  nfcjitut  life  whiituver,  he[:^i!4*ft'itli  the  collecting  of  Biieh  si' 
and.  the  didtinguifihing  of  thenr  from  Qthera.      Even  thfs  brute. 
whfn   it  seeks   shelter  in  the  '.th^^ket  from    rain  or  from 
l>ei.'«iu(4',sUcb  action   hiui  before  ;iii'<i«vj;d   enccessfti]  in  Biroil, 
Kliifif^'.  J'he   most  general    rcUCOnn"  of  this  kind  are   enii' 
laM^*ntgg. ,'J'ivery  noun,  like.  .  J^(lg".o^  "atone,"  sigriliee  th 
deali>|^'.h>tJ;*^  ^w^e.  series  "o^.*qii_j!ordant  expcriencea  whift 
dc finite _rf)id'tii*\1iyw  iic«ift']'in"  SjunHartties.     For  thiu  rcaaoii 
sulphur  si^ufi/'s  pot,  let'u^  &ay,*  some  one  definite  imprcssi 
have  once  Kaflaf  some  pviii'wlar  tiraey  but  it  ia  the  aumnut 
repeated  impressioils'iri  which  ean  be  recognised  a  group  of 
chiiractcristies   which  always  occur   together.     The  sum  toti' 
4'0[(cordaiit  cltaraetvristicH — -thosr  n-hith  aye  flisairdanl  bfimj 
ia  then  gHtbercU  together  in  onii  .-iuvh  niitne. 

ThuB  in   the  case  of  the  wonl  sulphur,  t  think  of  a  yoU 
stib&taQce,  which  can  Ijo  set  on   fire,  which   betioniea  liquid 
very  high  temperature,  which  sinks,  withont  dissolving,  in  m  _ 
becomes  el<;ctriticd  on  being  rubbed.      I   <]o  not  think  of  ^^^H 
having  a  definite  shape  or  size,  but  rather  I  denote  by  tt>^^| 
Ijioce  of  any  siKe  in  which  1  reeogninc-  tlic  properties  nientif^^? 
the  formation,  therefore,  of  the  name  snlitliur.  there  has  by^^^ 
l>cieii  taken  into  aecotiiit  the  kueh  total  of  all  propcrti'OS  of  so: 
single  piece,  existent  or  imaginary.     On  the  contrary,  no  atti^ 
been  paid  to  the  sjae,  form,  urid  origin  r.f  the  single  hodifls  t-.^ 
give   the    jninie  of  sidjihtu',  hut  Jiccount  has  been  taken  on. 


^ 


.-IS,  tviiipi-nitniv. 

illTOUIlt     of     tlllK 

'■lit   its  '■i,iiilili'-ii.<. 

lllJlt   tlll'V  (.1111  111' 

■iil>St;tln.-«  [Ki-iSTli;; 
vs  pivijcnt  wlicri 

',  .-iiul  ttic  iiinriiuT 

:eot  otwi;TVJiliiJii. 

is  icfii'tleii  III  ii 

iMLT. 

in  j(iViiU'r  tlimi 
■w  ill  water  ;iiiil 
■tt«r,  I  roiiclinlr 
.  Imwi'vor,  i'.  i- 
■-.\})cr-ii]ieii(. 

:    to  <Iiti-niiiTif 

V,  wt:  Idiii^  llif 

or<liii;iry,  nml 

;i  way  wi'  li';ini 

'Mili.li  a  rIiaT'!irii 

lio    fjdlil    Iravi- 

■  ■  evil   «iili   iiii 

■  •II  we  iii-i-it  a 
liufu  of  -iiljilmr 
■lu;  li'jiiiil  -tail' 

iiir,  ii|.n -i-tit ■ 

ai':ictrii,->i|  \i\ 
r^iuV'    'liMji.'c, 


ill   l)i<:   ^'ii. 
ipiii   J.'.'...!.  ■ 
uIh-  iI'i-'  ■.  .  ■ 
<-l.l.    1...T      ■- 

In  ill'  ■   1.  .■■ 

'Ii.  :   .     .      ,.■ 

•|   ■;:■■■■•  . 


PRlNCrPLES  OF  INORGANIC  CHEMISTRY       CH 


[Paris.  Tliis  is  ftpproxitnately  e(|im!  to  the  j  niw^ituii'^i'  P'lrt  of  i 
[earth's  meridian,  ai)d  was  ori^nally  intended  to  be  e^aotly  orpia,] 
ithia.  Since,  Lowever,  two  roda  of  chia  lengtli  can  be  comptired  w 
ifiacb  other  vitli  much  greater  accuracy  tlian  tho  nitio  of  one  of  tb 
iti>  the  earth's  int^ridiaii  «ui  Im  deterTiiinefl,  that  relntioii  has  heen,  ve 
wisely,  disparded,  and  n  considerable  number  of  similar  rode  have  be 
niad«  and  compEired  exactly  with  the  stiindiirtl  one. 

Theee  rods  are  kept  at  different  ptanes,  bo  tiiat  Bhoiild  one  or  otl 
^of  them  !>y  some  mischance  lue  destroyed,  thw  unit  itself  would  al 
not  ^^e  lost. 

This  unit  is  called  »  irftir.      It   is  etjiial  to  nilher  more  than  hi 

^Ihe  hei^^ht  uf  ii  man  ol"  avenige  stntiire.      For  scientific  |)iirposGs,  L 

metre  is  divided  into  100  parts,  called  the  cnitimehr,  which  in  writii 

is  abbreviated  to  cni.     Other  divisions  into  decimetre  and  millimeti 

[of  which  10  and  1000  ruspectii'dy  nre  contained  in  a  metre,  are  bett 

tnot  to  be  used  in  scieiicLv      Whoii  the  niagnitiides  which  have  to  I 

cpressnd  are  much  greater  or  much  smaller  than  a  caiitimotro,  thi 

'arfl  written  in  the  form  m  *.  10"  cm.     The  indice&  most  naed  are  + 

and  -  4,     The  length   100,000  cm.  or  10^  cm.,  in  cjilled  a  kilnmotn 

IS.  German  mile  is  therefore  nearly  equal  to  7  ■  lO"  cm.'     Thi;  lengi 

]1U'*  cti).  in  called  a  micron  ;  it  is  one-thoiieandth  oE  a  millimetre,  at 

at  the  Umit  of  the  microscopically  visible.      It  is  alao  denoted  J 

the  Greek  Ifitter  /j.. 

The  measures  oi  a-rea  and  vulumf  are  deiived  from  the  nieasun 

of  IcngUi,  by  taking  as  the  unit  of  tw^&  and  ro-lnme  a  ui[iirtrti  and  a  cul 

respectively,  tho  l«Tigth  of  whose  side  or  edge  is  1  cm.     Thd  fomii 

luit  IB  Called  a  S'{iUirr  ''•■'ilimrlrf.,  abhroviated  &•[.  cm.,  the  latter,  a  cui 

entimttri;  cc.     These  iii-o  the  only  units  employed  for  the  purpoaea  | 

sure  GCience.     In  daily  life  and  also  in  science,  the  litre,  ablireviat^ 

pit,,  wliidi  contains  1000  cc,  and  which  is  eijual  to  the  cubic  contei 

[of  a  culjft  whose  edge  is  10  cm,,  is  nftt'ii  used  as  tiiio  unit  of  volume-* 

^j.  Properties. — The  units  which   have  just  l)een   define-d  servt 

Uong  with  i>ther.'',  for  the  imrpose  of  ratirc  accurately  charactcriiiiug  tfi 

jropertiea  tif  the  different  IkhHps  and  siibstnnoeB.     Fropertits  of  siil 

itnnues,  oi-  8]iGcifii'  propierties,  are,  for  example,  eolour,  deiisity,  powd 

sf  refrjii'ltng  lij^jlit.  electrical   condiiclivity,  and  many  others.     Tlio^ 

'pcupertiea  occtir  in  ji  particular  i>iilifitance  alwitys  in  a  definite  mantiB) 

ami  to  a  dctinite  extent.     In  fnUire  they  shall  l.>e  called  ahortlv,  [irc 

jortios  of  the  subataneo, 

Besidra  these,  there  are  other  pectdiiirities  which  can  appear  in  I 

'   An  Eiig1I»li  iiiiln  1»  ncarlji  HO.tlSa  Dm.,  at  ratliEF  lens  ibu  1*41  s  lO*  cm.— Tr.     I 
^  Tlii,-  Liiclliud  i>f  ilciivius-  tbc  iiiuniiu.re&  of  ativ.  aiiil  v^ilaiiio  witEi  the  hrl)j  if 
quare  n»i|  lln-  i'hI-ij,  i.n  liy  n"  iiitaitis  ui't'iWJiry.  (nr  is  it  tlie  ojtly  one,      (■'or  i"j»)n[ 
ii«  i!i>iilil  iisL'  iut  uiiiU  II  trmiiKli)  nnil  n  to(mbi>ily<^iii  -^f  I  i^ui.  »i<lt',  a  drde  iiii'l  li  ijit 
"  1  rm.  Tmltiis  r>r  nf]  om.  itiaruMer.     Tli«  tliaidL<  of  the  hi(>iiin'  mid  llie  oiiIh'  \s,  hai 

r,  pioliublj-  tliB  luuil  Biiita.liK  iiiit'ii  it  alluwn  nX  iIib  nHsLest  cuIviiIkUoh  o\  upbub 
oluiuea  fniiu  iiii.*arareniHUts  of  linear  inn^iituilci. 


ling   of  the   substuncc   considered,   such   as,   lempurature, 
diarge,    pressure,    illutnination,    etc.      On    iiccouiit    of    ihi 
TKrialuIity  we  ehal]  gall   these,    not  its   properlioa  biit  its  e»ndU\o\ 
Tbnc  differ  from   tbe  speciSc  iii-opertios  in  the  fact  thiit  thuy  can 
tnipnrlcd  to  the  liody  or  altei'ed  nt  will,  without  the  eubstHtice  prissin. 
into  anotber,  whc-refts  the  specific  praj/rrtirji  are  alvraya  present  whi 
Um  mbslJLiic^  is  prvseiil. 

The  optical  properties  of  a  Biihstance,  i.e.  its  colour,  Jinil  tlie  manner 
in  which  it  reflects  light,  or  ita   Utstrr^  are  open  to  direct  obs<?i-\-jiLioii, 
Tb*t  »  piwe  of  sulphur  is  yellow,  iiiul  that  the  hght  ia  i-eflected  to 
fiur  extent  from  its  surface,  can  be  sq^ii  at  the  first  ghujce. 

I  c«i>  learn,  however,  that  the  detisity  of  sulphur  is  greater  th: 
tli^   of  water,  only  when  I  place  the   pieice  of  sulphur  in  water  nn^ 
nfAv  whether  it  Hoata  or  sinks  ;   since  it  does  tho  intter,  1  conclude 
ilui    Kijlpiiur  is  lienser  than   water.     In    what   ratio,   however,   it 
detiMT,  cftn  Iw  Ieni'nt4  only  by  niji-king  a  qupnlitfitive  e.vi;iednieiit. 

So  it  ift  also  with  the  otht^r  properlEOs  of  sulphur;   to  duCormini 
Umoi,  an  experiment  must  be  made.     That  is  to  &ay,  we  bring  th 
MilMbince  into  relatiuna  which  are  difl'tTent  from  the  ordinary,  and 
»ot«  its  behaviour  under  those  new  couilitinne.     In  this  way  wo  letint 
Um  sulphur  ia  a  non-conductor  of  declricity.  nhcn  we  touch  a  charged 
dwtroscofie  with  :i  piece  of  sulphur,   and   find   that  the   f^ld  luavee 
.!.•   n.rt    fall  together,  or  when  we  connect   a,   i^a.lviinic  cell   with    a 
K-  fwH,  )tnd  find  that  thu  hell  does  not  ring  when  we  insert 
!■      ■    "f    iilphur  iu  tho  circuit.      Further,  by  healing  ii  pit'ce  of  sulphm 
]['       _         fiibe,  wo  learn  thai  It  melts  or  passes  into  the  li()uid  state 
■t  a  not  wry  high  tenipcniture. 

The  loAl  mentioned  experiment,  the  melting  of  sulphur,  represents 
a  iruiisitioii  Iti  a  ^roup  oi  other  properties  which  are  chanicterised  by 
tile  (act  that  the  nature  of  the  gu1>ataiice  iteelf  undergoes  change, 
which  it  fiirf  not  do  in  the  former  experiments, 

Tb«  amiinisililAiiti/,  likewiac^,  of  sulphur  when  hentcd  in  the  air,  ii 
■Klb  a  proiicriy.  Further,  if  we  mix  some  sulphur  with  iron  powde 
■ad  hent  the  mixturo  in  a  test-tube,  a.  thin  walled  gla.is  tn\w  closed  uti 
ono  enil,  it  euddenly  becomes  incitndeEcent,  and  when  coKE.  Imtli  tbfl 
■tlplmr  and  (lie  iruti  are  s<i(.'n  to  have  disappeared.  ;ind  iu  their  ptanC 
a  Uack  oiibsULnce  has  been  produced  with  tjujte  difleretlt  properties. 

PniceBsm  in  which  certain  Kubstaiices  disappear  and  otht^r  ones  ar 
produced,  have  alr^afly  been  designated  as  'licwiim/,  in  contraclistinctiftii 
tn  the  piii/siral  or  those  m  which  the  substances  rniiinlain  their  cxist- 
Mce      ^^"c  slinll,  thrrrforc,  divide  the  properties  of  n  given  substance 
into  fihystcal  and  ihfmieal ;  the  furmef  boiny  those  we  observe  when  ■ 
live   aulwt4ince   reraa.iii»  unchanged,   the  latter   being   aeen   when 
MibKtancdii  ftro  (X>nvt>rted  into  nthers.  ' 

•  Tlw  i)U<Mtiou  is  oCton  niited,  whether  proeessee  such  as  fusionj 
when  the  temperutiire  ia  raisotl,   or  solution  in  a  solvent,  are  Ut  H 
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regai-ded  aa  clicmical  or  ns  physical.     Disagreemenl,  Bowever,  on  this 
qaeoCinn  U  without  point,  aiiicfi  iinlhiiig  i»f  an  tiBsentwI  niiture  cJepends 
on  the  (lecisiom  ;  for  tbis,  evidently,  is  of  co(iac(|UCTicc  oiiLy  with  regfird . 
to  the  arbitrary  plmi  of  treatmert.     If  we  retain  ihi;  definition  already 
given,   we  shall   reoogniso   that   sulphur   with   its  specilic    propeitie 
uerUiiiily  disappears  when  it  in  mmk'  to  a&suine  the  lii^uid  state,  bj 
.huatiii^  or  by  treatment  with   it  solvent      It  thercfofe  iiriiit.Tgot'3  a' 
'cheiiii<!al  change.     Many,  however,  desigiiate  s-nuh  cliiiiiges  ns  physical, 
since  it  is  easy  to  recover  the  anlphur  irt  the  atilid  form  with  all  il« 
properties,   hy   lowering  the   lempejuture   or  by   evaporalitig   ofi'  lh« 
HolvBiib.     But  a  substance  which  has  luidergone  chemical  chnngs  cjlh 
in  general,  also  be  again  obtaiiiiotJ  from   the  new  Bubstances  produce 
althimyh  more  compllcatai   metliCK^a  are  ufttii  noceasdry.      It  wii 
therefore,  on   the  whole,  be  better  to  chi&e  these  changes  along  wit 
the  >:iumic<iL 

7.  Homogeneoua   Substances   and  Mixtures. — Whereas   in 
.  everyday  lift',  for  the  purpose  of  charajjte rising  a  snbstance,  wo  make 

ise  of  those  properties  which  appeal  to  our  senses,  and  which  allow  only 
'of  making  rough  distinctions,  it  is  the  task  of  chemistry  to  ascertain  with 
all  possible  exactness  idl  the  jH'opertios  which  ciiii  bo  emjiloyed  for  the 
chamcteriBation  of  a  sulistiiuee  in  the  sense  in  which  wo  have  defined 
it.  This  13  possible,  however,  'HtJy/  vhcii  n'crij  piii  I'f  Iht  suJixUma  lua  ^ 
tmeiUj  the  smnr  firuperlirs  as  n'cri/  ol/ur  jiiirl.  If  we  consider,  fur  ei 
ample,  a  piece  uf  gninite,  we  readily  iionvinco  ourselves  tbit  this  atone 
IB  made  up  of  parts  having  different  pi'opertieB.  Beside  the  white, 
very  hard  grains  there  are  otliers  which  are  lees  hai*d  and  i>f  a  reddish 
colonr,  and  lietweeii  these  there  are  ruther  soft,  lustrous  laminie.  In 
determining  the  properties  of  such  a  bmly,  various  results  would 
therefore  lie  obtained,  according  as  the  one  or  other  small  piece  waa 
examined. 

Wo  cannot,  therefore,  designate  granite  as  a  sultstancc  in  tli< 
chemical  seuee,  I>iit  rather  as  a  ii^kctiire  of  differfrit  awfrsfct/K^s.  Aa  the 
charaeteriatic  of  a  substance  in  the  chemical  sense,  we  must  demand 
that  u|l  portions  into  which  it  i-au  he  egf^jarAtod,  exhibit  tho  aame 
prcjperties.  Such  substaiicea  are  called  uniform  or  hcmiiffenfuiis. 
Aocor^ling  to  this,  cficinwfn/  U  ffw  :)ck)i:rf  nj  Hui/oivt  or  iwrno/jctu-oas 
i^gabslutues.  Simple  as  this  conception  appears,  it  required  a  long 
time — a  time  to  be  reckoned  by  c-enturies— tor  it  to  be  formed  with 
sufficient  clearness,  mid  tho  older  history  of  cheinistrv  as  a  science, 
nu<;ht  lie  cidlcd  the  history  of  the  tabonrs  in  the  working  out  of  this 
conception.  The  difhcnlly  lay  essentially  in  the  fact  that  a  sufiKcient 
distinction  was  not  made  between  mij-tiii-tx  und  homogoneous  sub- 
stances, with  tb€  result  that  the  legalarities  which  are  pecidiar  to 
latter  bnt  not  to  the  former,  could  not  be  discovered. 

8.  The  Exactness  of  the  Law  of  Propertiea.^The  sutemenf 
,t  aulphur  i*;  dcKci-r  l.linn   ivali^r,  ;iiid   that  it  melts  iit  a  moderate 
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lewpeistnre^  can  he  miuie  in  h  intiili  iiioro  lietinite  form  by  staMn^  in 
wlnt  ratio  cbe  density  of  Milphiir  is  grciU'i  thnn  that  of  water,  ati<l  at 
whkt  IvmpentCm'e  the  fusion  of  siilpbiir  occurs. 

In  a  like  manner,  nuiny  otEei"  properdes,  and  egpeciojly  physical 
profWrtivs,  can  be  expresiied  in  Jclitiitt;  me»siire,  a.a<l  the  qui^stion 
•riMi,  how  ilo  diQerent  sjimpjos  of  tbe  ^tme  suhsUiiicu  behave  vhen  a 
qoantitfttive  dtiCcrmiilUitioi]  uf  their  pro^ji^rtiea  is  mitdc. 

One  tniglit  iui:igino  ttiM  giil)»tfiiic«{£  liehuve  in  u  iiuinn^r  sinular  to 
ihe  >p«cic»  of  aniiiKtis  luid  of  plantij.  Th«  difl'^i-cnt  specimQna  of  one 
■prdcK,  t.ff.  the  common  mnnse,  lesemlile,  it  is  true,  hut  do  not 
bIv  agree  with  one  anotLer  in  aiza,  growtih  of  li.iif,  uylour. 
On  the  L-oiJlmry.  within  certain  limits,  they  show  diifer- 
ith  rugfiriE  to  tiieir  jiroperties.  In  like  manner  ore  coidd 
le  that  the  properties  of  ilitlcrcnt  spei.'imens  uf  the  same  snlv 
•taDCV  bAW  closely  approximate  values — that  thosa  values,  liowever, 
•re  not  quite  definite  hut  vary  within  certain  limits. 

Th«   innumenkble    inveMigations   of   thiR   point  which    have;    l>een 

ittfri.  show  that   the  law  of   properties  of  substauces   hoMs  not 

:>ximal4;Iy  but  eMwtUi,  and,  tlier-afoi-o,  Ih'-  ineitsuriifite  priiju-Tfies 

ipeanKm  of  tlit  mitu  sufixtniux  affroe  itol  only  appruxiuiaidn  litU 

*  It  most  be  at  oncie  fmphiisisei I  that  ib  ia  not  intciirled  here  to 
UMTt  till!  aitfohiU  validity  of  the  law.  The  absolute  can  riGA'et'  bt-  the 
nbject  of  rrperienrc,  nnJ,  in  fact,  it  is  not  admissible  to  employ  t<he 
word  absnlule  with  reference  to  iiny  relationship  based  on  eKperieiice. 
Tkc  axamin^  of  the  iisserlinn  is  rather  this,  that  experience  has,  so 
itr,  shown  no  di^ralions  which  iire  bevond  the  limits  of  the  jiossilile 
fnwf  of  obetTvatiiHi.  For,  evury  measurement  la  exact  only  within  a 
oriAin  limit,  and  all  eoncliisiuns  which  are  drawn  from  these  measure 
neou  cui  bo  valid  only  to  this  limit.  Thus^  the  density  of  siili^hur 
«a  be  determined  only  with  m  limited  dt'pree  of  accuracy,  and  if  the 
wmv  value  has  Iteen  obtaini'd  witli  dilFure^nt  apccimcnN,  the  identity 
OB  lie  &«9i!rte(]  only  tu  ihi^  limit.  The  meaning  of  the  aa^ertiuii  that 
Ike  pmperliea  of  diUcrent  specimens  of  the  %ime  i^ubstance  are  the 
U  only  this,  th:it  within  the  limits  of  error  hitherto  reached,  uo 
ac«  h«v«  hoca  found. 

The  arciinury  with  which  a  magnitude  is  known  must  always  be 
ttynmtA  in  fmelinaf  «( tif  mint,  and  not  ae  a  coticiete  iium>>or.  If  in 
diriiir-.  '    of  a   length  the   possibli?  error  amounts  tu  0"!  cm., 

Ifcil  6j.'_  -  ii  large  or  a  smull   degi'ce  of  aticurscy.  according  as 

d#  l«ii^Lh  is  long  or  short.  If  we  measure  w  diKUmce  of  :20  metres  to 
*iUuD  O-l  CTO.,  the  meaaurement  is  vepy  exact.,  for  tlio  error  amounts 
t4  »t  mo»t,  3  n  Jt(rii'''>  of  its  value.  On  the  other  hand,  if  a  length  of 
XtK.  w  known  with  such  a  limit  of  error,  the  meaBnrement  is  not 
Wf  exnclk  for  itie  error  can  .imonnt  to  ^^th  of  the  measured  value. 

9-  Pore  Sabitances  aad  Solutions. — Tn  the  law  which  has  just 
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of  litjUKls,  ill  so  far  ;ib  they  ara  not  boumloil  by  rigid  walls,  uppn 
the  form  of  a,  hwriaOntftl  pJatie, 

Gases  hiivc  ruiither  a.  dofiiiite  form  nor  n  ilefinite  vjliiine  ;  th 
completely  every  vesBcl  into  ivhich  they  are  brought. 

All  these  relations  are  fiuther  subject  to  Bpccial  laws,  whic 
ha  discusyeti  !ii  their  ;it>i.ropriate  pUco, 

By  means  of  tLe  chiLmcteriatics  we  have  juat  given,  we  shall 
us  a  rule,  wo  (Jittieully  in  determitiing  whether  a  ^ody  is  solid,  I 
or  gaseous.      If  w  Ixwly,  wlit'ii  jilii^d  on  u.  pUne,  retains  its  shapt 
flolid  ;  if  it  sprenfU  unt.  whik*,  nt  the  same  time.,  ii  Itounding  pi 
surfiicc;  is  formed  on  the  top,  it  is  a  liquid ;  if  it  exhibit);  jn  no 
tioii  A.  bounding  plane  of  its  own,  it  is  a  gas.     Betwoan  th^e 
phvfiioU  stutes  th^rc  are,  it   is  tnie,  intermediate  atjilcs  whicli 
timea  render  the   decision   diifieiilt ;  still  these  arc   not  vvvy  fre< 
and  for  the  present  wc  need  rKit  discuss  them  in  greater  detail. 

A  given  body  doos  not  nndar  iil!  drcunistiuiL'es  remain  ii 
physical  sUile  in  which  it  ia  at  a  given  time  ;  the  pliyeical 
dupends  especially  on  the  trmperature.  In  this  case,  the  genera 
holds  that  iritli  nsimj  irnlfieTitf.urc,  a  stlid  xubulance  mn  bewme  lujv, 
fjn.'iciiii.t,  mill  'I  /ii/iiid  iwe  ifa.wuis,  bill  iievr  fim  cimwrsr.  On  tho 
hum],  with  lowwiiig  uf  teniperaUire,  gasaa  become  liqutdii  or  a 
and  li'jiiiils  beeome  soUiIh, 

Althougli  tlie  sense  in  which  the  change  takes  pliito  cano< 
depai-teil  from,  theliqniil  state  need  not,  liowevier,  appear  as  an  \ 
raediiiiu  state  between  the  yaaooiia  and  the  solid.  On  the  eoiit 
eaaca  not  unfrequently  ofciir  where  with  rise  of  tempemtui'u,  | 
|)asH  directly  into  gusea,  and  by  coolinfc,  gaaes  pasi^  directly 
solids. 

The    ]nwii   whicli    Lli&a«   transform  ft  tiorns   obey,    will   be    «U 
later  (Chap.  VII.), 

lo.  Summiairy. — Tlie  conception  of  svJiKlauc!  has  been  devel| 
|{y  this  name  are  designated  the  cl.isses  into  which  the  inanimate 
cull  Ijc  arranged  iiucordiny  to  their  properties.  Expeiienca  te^ 
that  it  is  possible  to  arrjiTige  the  naturally  ocuarring  or  the  -irtific 
pi'cpiM'«i,l  bodies  ill  chiases  so  th/it  the  ind!vidu«i  members  of  a  i 
have  the  same  specific  properties.  liy  properties  in  this  aens« 
tmdei'stopd  only  those  which  are  eaeential,  and  which  cannot  be  g 
to  or  Uikun  from  the  body  at  will.  Expeneiice  teaches  fiuther  ' 
diffeffilil  bodifts  which  bolong  to  th*  sam*  class  or  which  couS'is 
the  same  snbsuuice,  a^ree  not  only  apyioxiinately  bnl  'irmiUi  in  ( 
pTOiK'TtiGS,  so  that  the  value  of  any  property  determined  On 
specimen  nuiy  conrtdently  be  expected  t.o  b«  found  in  all  specimen 
the  same  substanee.  j 

Ti(f  Uiie  of  wtturr-  tJnd  iJn.s^r-n  am  hr  furnml  nj  Imrlus  ichirh  i 
entirttii  mlh  OHf  itiwther  in  their  fssrutw!  iirnjirrties,  in  the  fvH(iiirii-e>i.tai 
of  di^iiiUtnj. 
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ifl»Dtica]  JD  S11  Instance  only  wbi>ii  ih^ty  «]iow  entire  ugrecniiMit  in  all 

iffxitic  prvpertios,  tho   Utsk  of  teeLi'tig  wliLitlier  two  silbntancee 

Utc  mme  or   not,  npjiears  impiTH'ticable.     Am!  BtJIl,  chemists  are 

not  to  identify  PuliGlAiice-s  with   certainty  nfber  testing  Eome   few 

ptopertiM. 

The  surnioiifitiiii;  iif  litis  difficulty  is  rendered  possible  by  thi> 
(nixianiviitAl  law  of  chemietry  alinnjy  given  (p.  2).  This  lnw.  in  iv* 
i^ifi^tion  to  the  pffsont  question,  cmi  be  eut^d  tlms:  ifnifii  hrv 
■A^f —  -  -.-■-  oitirAif  in  Hrmr  frw  frrnpn'lki.  fbrif  ntfrff  nhn  icilli  rr^n.rd. 
k  ■J  ■■tlUi. 

'  'lldii  biir,  ]ik(.'  all  other  lawn  of  iiaCurG.  is  only  ;i  suniniiiry  of 
«Wn*<)  f.ir^;.  It  dues  not  frresrnlr  ibnt  something  kIuiU  ha]ipen,  Imt 
>inl  li.it   rel.il.ifiris  exist.      iVir  this  refismi   the  term   "biw," 

t"*'^     .  :    :.   HI    jfii-ispnideiioe,    ift    not   very   siiitahlo   fnr   ■'xproasiiig 
mcb  r^ilarities  in   tititursi   vili^oomena.  nrid  it  can  bo  used  without 
^■dvmtagc  nnly  when  tbc  rlli^tinctinii,  to  whioli  we  have  just  itmwti 
^^PhnUirn.  Iirtweeii   a    \avr  uf    rifiliiiv  iiiict  a  civil    \i\\r  hits,  fx\iie  for  nil, 

TmwJIW  ']llitr  t;l('m-. 

1 1.  Inductioc. — ^Tbo  tohil  number  uF  cases  classed  tinder  »  law  of 
tuiJOf  <■»«,  tniiJeiitlj,  bo  ilivided  intfj  two  yroiipB:  u  utnall  one,  pm- 
tacing  the  rasfa  ivhirh  hnve  been  toatcd,  «ntl  n  very  larpo  one,  to 
»ii(b  klong  the  cases  ivhich  have  not  been  exjiiiiinetl.  For  the  taslf 
cJWbga  hiw  in  alt  owt-s  in  which  it  uppliet^  could  not  he  imder- 
uleft.  nt  chi'  bilunir  involva)  uviiiM  be  too  gri^at, 

li,  tlie  necessity  for  rinth  aa  es^miimlioii  is  not  felt ;  for. 
fr'i'  I  hat  in  nil  casus  wliich   hnve  been  observed   the  law  bjiB 

'*^  found  valid,  we  nwy  contUidfl  with  ii  liigh  degrep  of  (.jrobjiWIity 
tbc  it  irtll  huld  ef|u:i.l1y  in  thoRe  ejues  which  may  in  fiUnre  Iw  inveeti- 
ptal  This  probability  becomPB  all  the  Btronger  as  the  numher  of 
amm  inrrdj^tcd  inrre.ises,  and  the  more  the  cases  chosen  for  ex- 
(0)n»t4»n  sir  iitde['eiident  of  ont"  »noLlier, 

WTmi  th*  iiiiivcr^iil  Vitlidity  of  the  rc'latioiuiliip  b;it<  been  ostalv 
Wid  irith  .-*  doiinitfl  tncftsure  wf  probability,  we  itie  (ictiiHtonied  tv 
n|pnl  il  M  »  hnp  •'/  niitnre,  IIowevLT,  the  history  we  have  just  given 
4<lb»  gCMsU  <A  eticb  It  litw-,  implice  thnt  it  o.innoi  hwfa  tlin^  chArnctor  of 
*  anuftfy.  aiid  it  is  ijuite  [i<_<g«ible  that,  following  on  the  mnny  con- 
in.:  -    -    »rtjn*  *bVnOd   W    fitiind  wljitli   do   Imt  cotifortii   to    the 

ht  '  ediire  which  wo  have   to  ariopt  in  sueh  cuses  will   be 

^-  Kor  the  pjT-suni.  we  ncc'pt  the  statemont  thui.   the 

lir-    -i.  J  aic  conclusions  as  to  probabilities.  Itascd  on  eijiericm^e. 

Siifh  conclostO'tis  ai-e  called  imiuctn't,  &\n\  tli«  proceduTB  by  which 

'  ■   ined  1*9  called  indiirii/rii.      The  whole  of  nflturnl  scicnte  iis 

)i  indnclive  ronchieions. 

Suiuduiics  ihr  nec^d  lias  bi'en  ff-lt  of  jilucing  the  laws  of  nature 

N  a  man  certain   fi>undftliiiii   tltun    is    furni^h'ud    by   conclusions  by 

wk^  httaod  on  oxjicricnce,  since  thfsc  nffonl  no  protection  against. 
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i$.  01lMf«  of  Weight  in  Chemical  Processes.— If  we  cho<»ie  out 

^  k(jm<  I  iitwKliKiiltun  notiii- i>f  t)i«  i>iiiiiiitt?rabl<!  cbemicAl  phenomena 

ivlwii  ix-Liii    liiilly  (iM'iiriil  lis.  we  arc  sinick  with  the  cJmu^cs  m   tltt 

Jimmti  ut   liiu  rnil.nhiiii'ii«  liikins  piri  in  the  chemical  piwcss.     When 

I^H^li   III  1  iniitlld  or  tliit  petroleum  in  a  liini(i  )>unis,  tb^e  sub- 

Aiwjii   Ui  i|)»ft|»iM>Hr  oiitiruly ;  the  wood  or  c<ml  burning  in  the 

■ »  lutltiinl  unly  j'^th  to  I'nth  of  its  weight  of  ush.     On  iht? 

lui,    |}|«   *ii||i|tiiri(!    ttfiH    maniifnctiii'er   olitiiiiiu    nlioui    (hree 

ii(  B(il|iljiii  ii'  mill  foi  every  kilogram  4jf  aulpfaiir  coiivcrtetl, 

'  <  'f   w Diglii    iirii  I  liiTdforii  connecteil  with  ch^^niical   prncessce, 

ii.ivu  iiDw  III  unli   whvlhcr  any  geiier»lisa(ioiis  can   lit-  made 

ruf^'liii^  ilii'ni;. 

Tliw  iikuni|j|i;<i  wif  tiiiYi)  just  dted  »]fpear  ujilj  tu  lend  to  the 
vtme\it»UiU  Lli4t  in  chvniinil  pi-ocHSses  diminmion  att  well  us  increase 
iw  M'-'i^i't  IM'^V  ')":iii-.  Tlj(;no  are,  however,  not  t^uitablc  eiuimiilps 
fia  ilptlijing  tliu  ■(iiL-aliuri,  for  the  processes  take  pkce  with  the 
a  Biiliot'DKi-'K    in   free  coinniUTiication   with   theit- 

miiidtmiliiiga,  es];jecia]|y  with  the  air,  and  do 
ii'il.  llii.'rL-f>'ii'c  ftllnw  f>f  ;l  l)ul.-iiic;e  Ijeing  drawn 
iiji.  Til  HchioVB  this  wk  must  conduct  the 
(!i:|Hri'inients  in  a  ^^losed  Epace. 

17.  Experiments,— At  the  bottom  of  a 

lfti-|{(«,  ihin-glitaJi  tliisk  (Fig.  3),  luid  resting  on  a 

Uyuf'uf  iMlj(-HtoH.)3iismal]dieh  euritainiii;:  a  little 

|iliiM|ihui'iiN.      Phuspli'inie  in  n  substance  which 

rmjiiiroH  imly  a  slight  elevat-ion  of  tcmporaturo 

In    niLiiiu*    it.    to    talcc    firo.     The    Husk,   closed 

liy  II  ^routid-in   Htoppor,  is  acciirutely  coutitci- 

piiittml  oil   tht'  lialnnte.      The  part  whore   the 

'"■  '  jilioBplionifl  rests  i^  tht'n  wanned^  and  tht-  Litter 

Mt   iJiiri!  uik'!N  Uri'.      Ilk  tt   "liort  tiint^  ih-   phosphoi-iis  lietonieH  extin- 

guiihutll,  W'hilu  lliu  fliwii   llH"  iKJijMmj^lled   with  detiee,  white  fumes. 
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Ob  i^iii  placing   the  ilii^k,  after  it  ba$  become  c*>]d,  on  the  balance. 
*i  niiwi/i'  III  tffiiflft  ix  iiiixnri'if, 

•  Vit  flft8.lt  nnisi  he  allowed  to  ec^il  liefoi-e  being  re»-eighed.  So 
lutuu  it  is  wami  il  Vftrini^  xhe  air  aurruiiiidiiig  it,  ami  tliis,  itecending, 
nimt  thr  flask  sliphtlv  tipwardg,  and  ni;ikes  it  thcrofcire  appear  Wo 

*  Secondiry  (Tircumstatifes  of  a  g{mil»r  nature,  which  more  or  less 
thi-  rvetilt,   Jire  alw-'iys  met.  with   in   L-iiiTviii^  out  i|UiintiU'it.ivi! 

Hnteiiw.  If  an  esuft  result  is  desirwi,  they  must  he  known  ami 
iheir  inilainicc  either  olivial«d  or,  if  this  is  not  jiossilile,  taken  into 
imiiin.  The  real  rlifficiilty  of  exnct  iri'iisiiremeiit  lit's  in  tLese 
HwiKinr)'  iiirtiiencos,  Jind  only  by  »  viiricil  exiiCEieiicc,  obtfiinwl  by 
Jonumg  the  Gsi>i?rirnerilB  utiiler  as  niwny  ilifl'ui'fni  ecindilions  a,s 
Bbiwi  can  one  succeed  in  so  coiitrolliii^  those  inilnencea  jis  to  obtain 
But  niuuiiirHiiients.  Cnniiuirfd  with  this,  tlie  eiirrying  out  of  the 
Miul  runutut^mitiit  is  geiieialiy  mi  m^y  matter. 

The  fact  just  d«ernlwd,  that  u'h(<iL  >roinbustiun  takes  place  in  a 
cIosb!  tjuwc  nn  (ilianye  iii  th«  totJil  weight  ia  oWrveil.  althnn^h 
nrtata  iitit«Tanees  dis:i{i[»eii.r  and  others  nre 
is  a  gtinerjl  oite.  N'o  matter  what 
are  tmrnwl  uniler  tbest-  cwnditi^wiR,  a 
(fcuifio  o[  weight  never  OLCure.  This  law  also 
il  Out  rMt.ncted  lo  conibitKtiniis  iitnn<^,  but  is 
imfoCAll  cbcmiuil  proceaaes.  Tu  illiietrat**  this 
wnr*j  jwrfurni  the  following  ex|>orinient8. 

A 'ride  test-ttitw  is  plawd  in  »  coiiii.'d  flask 
"ili  will!  mrmlh  (an  Erlunmeyer  flask)  (Fig. 
^i-  twn  evU'^Umvea  which,  on  contact,  rtad 
fioaiaily  irilh  one  a.aiitber,  are  placsd,  one  in  the  ronical  Hask,  tbc 
*^  in  the  l««t  tlihe,  so  that  th^y  arc  k«;pt  separutt:.  The  Hask 
having  been  carefully  closed  and  its  weight  deter- 
mined, the  substances  arc  hrought  into  contuet  by 
lilting  thf  whole  jippjiraiiis.  Chemical  rtiicii iin  theii 
tak«s  place,  genernlly  ;ici;oiiip:imed  by  ris<«  of 
temperature.  On  jdacing  the  apiwratiis,  aft^r 
cooling,  again  on  the  balance,  its  miffht  is  utrn  to  ht 
unrhaiMjtfl } 

'   Another  method  of  performing  this  experiment 
*      Thia  mcthi>d  is   more  convenient,  but  the  two- 


Fi.;.  a 


i  Airrn  in  Fig. 


^ylni^'i' :•■.-•>-•  ■»>¥)■(.  iKvH,  lunsdf  III  i«n<--Bi)lrAtiMl  •^liitioti : — PoU.<siuiii<^tirUoniit.e 
«<irfiliiii  ii^  pm.'t|iilitej,  KiUrr  nilrutc  itiiil  Liiii>tic  poULili  |hrc:uT<-l'Uck 

pM|IMaL  'ti'.'hlui'klL^  fltiil   dwiliiiii    tiilplii'le   <orauu«-ml   |i'''^>l''L'i(^) >  '■'*'*' 

•abnl  bj'lto^kkiiii:  iHiM  {tli-m  mjIuUdu).  -Ilvvr  ullinlLi  anil  ftrruun  Dulpbote  {xeiinin- 
Ila4  SMtimtr  jilIiEtt.  tijiltiuilk-  ii'itl  aiiil  l<J>lic  Hi-i<l  (»c]iaTiiUDii  vt  iuUiuc],  vliloril 
ll|lisl«  M>1  nuulk-  pgluh  (loiiiiMliuii  of  tu'.i  tUiuid!.), 
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divisions.  Of  these,  the  "iiea  niOBl  etuployed  itfe  the  kilogram,  which 
is  equal  to  1000  or  10«gm„aeiil  the  mflHgr-ani  or  lO^^gm.  The  olhcr 
mftgnitudce  (docagraiii  =  lU  gra.^  hcctogmm  =  100  gm.,  decigram  ^ 
O'l  gm.,  centigram  =  O'Ol  gni.)  ure  Juit  seldom  used,  and  for  *fientific 
purposes  should  never  he  Hsed  at  all. 

For  the  ciiemist,  now,  neither  the  tjiiestioit,  how  much  kinetic 
enurpy  a  hoiiy  requires,  mider  a  given  velocity  (the  mass),  nor  the 
quesLioji,  what  force  it  exercises  on  its  support  (the  weight),  ie  of 
supreme  ioterisst.  An  explanation  is  therefore  neceesttry  hb  to  wliy  the 
bal.inra  id,  rightly,  called  the  most  important  inalrument  in  acientific 
chemistry. 

When  we  hiiy  siilistjinces  itn  chemicHl  pnrposea,  fin'  oxtimple,  coal 
or  fijod,  which  is  of  eourse  done  hy  weight,  the  muan  and  ihu  weight 


t&, 


frn.A. 

of  these  things  have  likt^wise  no  direetiiitersHt  for  us.  Tiio  determining 
fuctor  is  ili(if  I/if  '■Irfititcid  ridnc",  the  nutritive  vulue  or  the  heat  thitt  tan 

ohtained  by  combiistion,  (itc  nhu  iiivjioiiit'inil  to  Un?  mans  nvl  the 
phi.  ThesQ  valiiea  are  ull  cnergj"  magnitudes.  Iiima'se  and  weight, 
therefore,  we  have  a  meiisure  of  the  chemical  enerj^y,  or  the  work 
which  the  bodies  can  do  hy  cliomical  bransfomiation  ;  and  vf<i  determine 
lJi«  weight  when  we  wish  to  measure  th«  amount  of  chemical  «|}'eet, 
Hiiw  thi.s  is  done  ill  detail  will  \t&  dieCtlEBt'd  latt.*!"  (Chap.  VIII). 

"  The  chemist's  halanee  (Fi*:.  5)  ii^  a  lever  with  two  eqiwl  iinns, 
Weigliitig  consists  in  allowing:  the  body  whose  we'  '"  '*  to  lie  di-ter- 
mineil,  to  act  on  one  end  of  the  lever,  while  differ  u  of  known 

value  aru  made  to  att  on  the  ■•ther  end,  untd  eijui  i^tablished, 

i,F,  until  the  lever  turns  neither  in  one  directinu  'er. 

•  The  bataticea  used   in   ordinary  life  differ  ily  in 

xenailivcnr.in  Emm  tliose  used  for  itcientific'  [mi'pnsice  lary 

kilogram  balance  will  still  show  diHerencea  of  I  j-in. 
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the  best  a-cisntific  baliinces,  when  loHded  ivith  1  kilogrnm,  ii  ill  show  & 
diflerence  of  one  hundredth  of  a  milligram,  or  000001  gin.  Thefomiar 
hua  therefore  a  limit  nf  error  uf  O-OUl.  tlie  Kttfir  of  {)-00(»000ai. 
The  latter  thorcForB  allows  of  thi?  deterniin;ition  of  weight  and  mass 
ratios  with  proportionately  grejiter  exiictmosB. 

*  This  iricreitae  in  the  sensiiliveriess  of  the  Imlance  is  effected  by 
minimising,  as  fiu~  ii^  possible,  the  hindrances  to  movement  due  to 
friction.  The  axis  of  rotiitiou  of  the  Iwaim  of  th«  haluiice  is  Cormed 
by  a  knif^-odge  mode  of  hard  ete>el  or  agate,  reating  on  a  plane  of  Lard 
stone.  In  the  same  way,  the  axes  from  whicli  the  pjins  (nr  the  weight* 
and  for  the  body  to  he  weighed  are  enspvndvd,  an  (annv<i  !>)■  knife- 
edgea  resting  on  plam-s.  The  three  Icnifo-odges  must  be  parallel  to 
one  another  jind  in  the  same  plane, 

*  To  prevent  the  knife-edges  from  wearing  iiway  toci  rapidly,  th^y 
must  \m  allowed  to  rest  on  the  plarms  only  during  tlie  lime  the  Ivtknce 
is  l)eing  ii9«d.  Every  good  biilitnco  is  therefore  furnished  with  an 
arranycmen t  for  "arreating"  it.  This  Ib  an  miide  that  by  turning  a 
knob  or  a  handle,  the  sciile  jians  are  fii-at  raised  from  the  end  knife- 
edges,  and  then  the  beam  from  the  plane  on  which  it  rests.  The 
weights,  etc,  are  placed  on  the  scale  [.wiriii  while  l lie  liidance  is  "nrrcsted," 
On  slowly  '"releaaing"  the  balance,  it  can  be  seen  in  what  direction 
the  balance  liirne,  and  whether  the  weights  have  to  Iw  increased  or 
dimiiiishetl. 

*  Siiico  ik  moderalely  gocxl  balance  detettti  amounts  «ven  aa  sniall 
AS  OOOUl  i^iii.,  (»nG  would  require  irt-ightB  of  a  coires  ponding  value,  ia 
order  to  iinUh  th"  weighings.  These  are  verj'  inconvenient  to  handle, 
and  ebemical  balances  arc  llierefore  furnished  with  another  arrange- 
ment for  determining  the  smallefit  weights.  The  balance  beam,  from 
the  miildle  to  the  end  knife-edges,  is  divided  into  ten  parts,  and  (here 

'IB  a  contrivance  hy  means  of  which  a  weight  of  O'OI  gm.,  which  from 
itB  form  i.s  called  a  ''ritler,"  can  lift  plueed  at  any  point  on  the  beam. 
Ai!Cordin!<5  to  tha  law  of  Icvere,  the  efl'efit  of  the  weighs  is  smalko-.  the 
nearer  it  ia  placed  to  the  axis  of  rotution.  If,  for  example,  the-  riiier 
is  placed  at  a  distance  from  the  axis  equal  to  igths  of  the  Ien<;th  of  tho 

'heam,  it  acta  as  a  weight  of  0'003  gm,,  and  every  tenth  of  the  beam 
corresponds  to  one  millig;ram. 

*  In  weighin<;,  therefore,  it  ia  necOHsary  to  counterbalance  u  body 
only  to  within  O'OI  gm.  with  weights,  and  then  to  move  the  rider  till: 
complete  eipiilibrium  ia  obtained.  The  tenths  and  hundredths  of  the 
beam  length  give  the  ntilligrams  and  tenths  of  n.  milligram  which  hare 
to  be  added  to  the  weights, 

*  The  production  of  equilibrium  is  showu  by  a  pointer  attached  to 
the  beam  of  the  balanci!  and  movin};  in  front  of  a  scale,  ^ince  a  good 
balance  doea  not  remain  at  rest  but  continues  for  a  long  time  oscillating 
like  a  pendulum,  one  obaervea  the  extreme  positions  of   the  pointet, 

■  the  deflettions,  and  takes  the  itiean  of  tlicae. 


] 


*  To  complete  ibe  weighing  H  ie  not  ei|wdteot  to  obuia  tbe  final 
.uIjustiiieDt  br  sbifung  ti>e  ritlpr,  as  wt  tare  joat  iimiiibiiI  Cor  Um  mkn 
i  i)f  daanwaB.  Kallkez.  um  u  naale  of  Uie  fact  tkat  the  ifaaage  of  the 
I  porition  al  reot  is  profwrttoial  tn  the  excess  of  veiglit.  If  tbc  daage 
f  of  aero  cMiaed  hj  a  dktnge  in  tlia  we^t  of  1  aifllipsn  bm  bna 
Ldvtcinined.  h  'm  onl/  nncB— ly  to  aet  Uw  rider  M  the  neartat  whois 
^^^tl)  lo  be  able  to  calmlale.  fntD  the  dMrutjon  oj  the  point  of  rat 
BIk  obtaimd  fnta  that  wkco  tbe  balance  ia  unloaded  or  the  zonx,  the 
ftactitna  of  a  nuUij^rajn  vhich  wjaltl  make  the  fywUbtmrn  perieeL 

26.  DeuitT  Ud  ZzteOSil^.  — Tbo  aid*  to  the  deCnitiaB  a^ 
maaatirmnwit  of  miiafu  mad  wei^bu  Jiiat  eooaidered.  tonm  the  Ihb  ior 
tti«  dcfrwinlKMi  of  ma  nportut  ppof»«it/  pcrttiawj  by  all  hiIiiUm  n. 
wfaicb,  bf  rauon  of  the  great  vanatiaa  of  iu  nloe  from  ■"*-*"•-  In 
sAetaoee,  tt  hrgtij  ased  for  dwiil^gMlhilig  nd  «kftnctericiaf  th«a». 
Tbn  w  tlir  AwiAr  and  the  abmmlf  tSammiftaf). 

XHmo  (i«tiittvg  the  coDC«ptioD  of  "wbrtiaeee,'  »c  egpccwlj 
iiiniucd  to  take  the  inaaa  into  accoont  (p.  IX  aa  alao  ibc  ipaee  occs- 
pied  bf  a  giv^en  piece  oj  the  eubstaBce.  Since,  bmevrer,  tbeae  tm 
Bwyihiirira  f  vf  KUDttltaiieeaily  «id  tn  ihe  aun*  degree,  ihnr 
*ltf^*'—  pwUMitj  of  the  eabalaneee,  aad,  aeeordi^  lo  the 

mat  alwaya  hen  Am  ause  raloe  for  a  firen  aafaataaoe  nnder 
eoodnioaa. 
H  w«  daiKite  the  waan  oS  •  prea  qiecinMii  of  a  anbrtaaoe  bj  as 
lai  the  epwe  which  H  oecnpei,  or  the  vdIbom^  fc^  ^  we  can  tarm  the 
te»  cxpnaaiaaa  ■  r  attd  r  h.  Hie  funiier,  Ihe  naaa  in  ent  voh^K, 
ll  caUal  the  dfutilf  tie  the  i|«cific  gn^Ht^  :  the  latter,  Ihe  Tiihiaii  of 
out  mir-    ia  faiUed  the  aiwcific  T<dii]»e  ;  ve  will  call  it  the  *vteamlf. 

The  tmitM  ia  which  thece  mageitndea  an  ■paired  keve  aheedy 
Icrn  fttad  :  the  mit  si  Warn  ia  the  gruii,  e&d  that  of  rvttmt  m  tW 
mbk  uiiirinMiin  Sbor  the  meaa  ia  expraaed  liy  tbe 
■  ilm  weiglrt,  the  denai^  ii  eqoal  to  the  woii^  of  tbe  bodr 
fiiiM  hf  iu  ToloM  m  cafaac  eentinetraa ;  hetiee  the 
piTttr.  The  latfMMly  baa  tbe  redprncal  Talae.  If  we  <aO  th* 
dcBM'.r  ''  and  the  erteiwity  r,  we  havr  tbe  rehtioa  J=l  r  aad 
t  = 

'  •>  iiKZK^  IW9  espeasaa^  the  deosi^  haa.  aa  a  rule,  the 
mh^  ««)   rit*nf  a  body  we  fini  catimate  its  vohune  with  the 
mi  ohCain  «■  idea  nf  ka  wei^l  onir  when  we  baie  tafcea  it  n 
Oae  rafara,  thetefare,  inralTiDtarilf,  tbe  weight  to  the 
t  the  wilit  to  tbe  weii^t.      For  acicMlifc  iiKfpoaia  it  i 
■hv  eppnaile  retatioa.     For  the  bmh  is 
ID    a    budr.    whereas    Tohnne    depcoda  oa 
mrywarwrr.  and   it  m  mon  nriioiial  to  rpfer  the  rariaUe  ifiiililj' 
lb  iiTnahie  tfcaa  uimweelj. 

lo  aeoaiAaB*  *"*">  *^  mwaf  enrtow,  boverer,  the 
iUI  in  th»  haek  aiao  neeire  tbe  f areanoat  place. 


I 
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ia   CHsiest   ia    the    ciisti    of 
filling  a  veii&el    of   knuwn 


PlO.  'i. 


27.  Measurement  of  Density  and  Extensity. — To  detenuin 
the  ratio  hotween  vrjliuiij?  ami  muss,  a  niwt.'viiri.-nierit  of  liolh  miigni- 
tudcs  lor  tilt:  ^ivcii  bwlv  ia  iiijceasar)'.  The  ninss  ia  dcteirmined 
by  w'ifigliing  <p.  26);  tlie  iletei'miiiiLtioii  of  the  volume  vnrifls  with 
tim  physical  state  n(  the  body.  It 
lujuiils. 

The  most  direct  metiigd  eoiiaistfi  in 
capiL-ily  with  the  litjiiiil.  ami  deUiriiiiiiirig  its  WLii-^'lil.  Such  vess^la 
van  l>e  lujide  of  vuHoiks  kinds  accoitling  t<?  ihe  «<cur»cy  ivitned  .it.  A 
very  raj>id  ami  ccmvenieiil  method  consists  in  the  use  of  n  vessel  of 
the  foi-m  shown  ill  Fig.  6,  taWeii  a  ftpflte  (amal!  [lipe).  It  eonsist-s, 
essentially,  of  -.i  inirrow  tulie,  widened  in  the  tnidcile,  ;ind  is  tilled  )*y 
cli[)|n'ng  one  end  in  tho  liquid  and  ant:kin^'  lit  tlie  other.  On  the  u[>per 
tuhe  18  u  oircuUr  mark  foiininL;  the  limit  of  a  definite  cubic  conttail. 
which  usii.illv"  -imouma  Cfi  ii  ronrid  number  of  cubic  centiniotres.      In 

lilliii<{,  a  j^light  excess  of  liijuid  is 
sucked  up,  iind  tindi,  idosiny  the 
upper  end  of  tht^  pipette  with  the 
index  lin^aer,  the  excess  is  cautiously 
allowed  to  run  out  till  the  liijiiid 
stands  «t  the  mark.  The  filled 
pipette  isi  placed  on  the  liaUuce  in 
a,  horizontal  poBJtion,  restiufj  on  a  beni  wire  carrier  (Fig.  l>).  If  ihe 
empty  pipette  with  Lho  carrier  has  been  previously  eounterpoified.  the 
incrertse  in  weight  gives  directly  the  weight  of  the  liquid. 

The  dftertniniition  h  simplest  when  n  pijit-tti;  of  exactly  I  cic 
capacity  h  used,  Huti  a  weight  made  whieh  counterl»:danees  the  empty 
piptitte  fdong  with  its  currier.  In  accurdance  wilh  conimsrcial  iwe, 
sutli  a  weight  h  cilled  the  litre.  The  flxtra  weight  is  thou  directly 
equid  tn  the  deiiisity  of  the  liquid,  since,  of  coiirac,  tlie  divisor,  the 
volume,  in  equal  to  1.  Kucln  a  determiniition  can  I*  carried  wit  with 
jin  error  wliich  ia  less  thiui  O'OOI. 

Another  melliwd  ia  luisod  on  the  principle  of  Archimedes,  according 
to  which  «  liody  sunk  in  ii  liipiid  expei'iencHB  an  upward  presaure  fquid 
to  the  weight  of  the  liquid  displat^ed.  A  glaae  Binlier,  ckised  on  all 
aides  and  Ininn  by  a  hair  or  tine,  platinum  wire,  in  counterpoiseti  on 
the  liidaiice ;  it  is  then  sunk  in  tlii^  liijuiil  \.o  be  investigated,  and  the 
decroiiHe  in  weight,  or  the  npwiird  pi'essure,  determined.  Tin*  volume 
of  the  sinker  is  dctenuined  by  conducting  the  same  expc-riuieni  in 
water:  the  upward  prcKsiire  in  grams  is  equal  to  the  volume  in  cubic 
conlimetres  (p.  i.'-!3).  If  this  experiment  in  not  perfo'rmed  at  4°  C,  ona 
finds  from  the  tables  of  the  exiwu  -t  I  water  the  weight  of  1  cc-  at 
the   tfiii]jCr.iture  of  the  experiui'  videa  the  Upward   "  're 

found  bv  this. 
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Jireclly  (iii  the  citse  wi  iu  fi;.  jiftw  moving  thedotimal  poiiil  niie 

the  left),  thrt  ilt'nsitjt'  of  tlie  liquid. 

V  lor  mpid  ■letormiimtioiis  of  tlie  deneity,  tbo  /ifitlrvtiiJ-trr    is 

is  coiisisu  <Fig.  7)  nf  a  glass,  flwa  termi'iiaurig  ;it  tbc  mp  in 

tit)>e  within  which  tiiere  ie  u  scale.      The  insiiiuiicnt  u    eo 

that   it  floAtft   pci'peiiHiciilHi'ly  in   thti   liquid   to 

iiiTestig»t«(|,     Since  n  Hunting  body  sinks  to  such 

def>tfa    that   the  weiglit   of   ttic  liquiil  (U^|)l»ccd   is 

,ttal   to  Liie  weij^iit  i)f  the  body,  the  position  of  roat 

with  th«  t](*iisit>  oi  the  liquid,  nnd  tht^  scale  is 

At  th<<  point   n'hvrt!  tlia  Haa\  pasiios  thrriii(;h  the 

;»eo  of  the  liquid.      The  st-aie  is  generally  gi'iniiintcd 

m  mk   Ui  allow  of   reading  off  tbc  ilensitic&  ilirectly. 

'Uuintvcrt  other  i^i^iilcs  hth  in  use  which  have  ditl'erent 

nling  to   their  invi'iilnrii.  nnd   whose  zero 

to   thu  density  nf  water,      Fur  acicntilic 

inipoKS  theee  havy  nu  iiii]>ortanfe. 

2ft   Densities  of  Solid  Bodies  nr  e  det^rniinod  hy 
ivovhinf  lueth'nij^,      lioniualJy.  Ilu'y  are  weighed  first 
A«il  then  in  wrtter  or  other  liquid.     The  first  — 
ing   jfjri**    lb*    mass,    the    second    the    loss    of  '''"-  "■ 

••igtiit  'It  tie  iipwanl  pressure,  and  from  that  the  Tolume,  When  the 
"•ornil  noighing  is  carried  out  in  water,  th«  H|)ward  pressure  is  cijital 
tt  ^  roliuiie  (the  influence  of  tcmperatiu-e  buiug;  ;dlowcd  for;  mlt 
t»A»y  If  another  liquid  must  be  useil,  as  in  the  eas*  of  siiliBtancee 
•"ittMc  in  wnlMr.  its  deiiaity  must  first  be  deterniini'd  by  one  of  the 
Miuia  just  de«oribeil,  ami  the  upward  pressure  must  \te  divided  hy 
tb  irtlun  of  this.  Fur  the  volume  o£  the  liquid  is  equal  tn  its  wdj^lil 
i&tiW  l»y  its  deiiHity  (ji.  27). 

'  In  carrying  out  such  expenmenls,  regaril  must  often  be  had  to 

^  bci  rhal  the  )totlie«  »r«  not  present  In  large  [lieees,  but  in  grains 

or  sauiU   pictes.      In    this    ca^e    they   arc    wei^fhcd    luidcr 

water     in    an    open    ve8>«el     of    glass    or    platinnm.   a«     in 

k      Kig.  S,     The  weight  of  the  ^e,^el  under  similar  coudittotja, 

M     rit..  immersed   in   the  lic^uid,  must,  of  course,  be  previciiiftly 

cfv^  iktetnti  nrd. 

Awoiher  method,  employed  especially  with  small 
()tt»nt)ttc?,  eoiiaisla  in  mixing  lOit;cther  two  liquid^,  om-  of 
irliirh  i«  d^iiwr,  the  other  less  dense  than  the  •wlid  to  lie 
T~  iar«dtiga(«d,  iw  as  »>  gixe  a  liquid  wh*>i«  den.5ity  is  equal 
to  that  wf  ih''  eiilid  brrtiy.  Thi.s  identity  is  shoun  by  t.hr. 
fut  that  tho  bwly  neitfa>ef  rises  nor  sinks,  but  remains  siujiijnd^ 
n  tW  liifiiid  Tbr  experiment  is  carried  out  by  placing;  the 
Wyfirat  of  all  in  a  unall  t|iiantity  of  th^  lighter  liquid,  in  wlneh 
il  oaL*  to  the  boUom.  There  is  then  cautiously  added  no  much  of 
ike  other  li/juid  till  the  •UBpeiudon  is  produced.     Geiiendly  unK  trill 
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aild  mther  tcio  much  uf  ihe  BeiiDuil  li(|ui(l  ;  tho  i;iTur  tiiii,  liowei 
easily  rijctified  by  the  mUJitiuii  ni  suiua  <jf  the  lij;;hter  iDijuid. 

\Vlieii  suspension  titkcs  placu,  tho  density  uf  the  mixtui-e  ia 
mined  Ity  one  of  the  nuUhoda  doacribeil  on  pp.  2S  tun]  'JU. 

*  Aa  a  heiivj  li([iiid  there  ie  used  methylene  iorliJe  or  ace 
tfttrahromidc  ;  aa  a  light  urie,  benzene  or  toluene.  These  liquit 
ha  obtained  commai'tiidly. 

The  riecesKury  inforinri.tioii  iw  tlic  datftrminatioii  o£  the  dem 
gases  will  k>c  given  later  (Cluip.  V.). 

29,  Influence  of  Pressure  and  Temperature  on  the  Dei 

— It  hius  sLlreatly  been  incntiuneii  thjit  althuiifjli  thy  niaus  ex|wr 
no  chanj^u  in  iiiiy  process,  the  viiluiiLe  is  dupondent  botit  oi 
LampLTature  and  on  the  preaauro.  The  density  of  a  suljstiino 
therefore  likewiae  va.ry  with  thesu  tircumatances ;  and  in  «rd 
inakfL'  i\  stutenieiit.  definite,  the  valtieH  of  both  of  those  mii&t  be 
at  tho  saniii  tiiiKi. 

The  influence  of  pressure,  now,  ia  genemlly  very  small.  The  vi 
of  lifjUid  ftubstances  is  diminished  only  by  some  hundred  thousa 
of  iu  vjilne  wJien  the  preasnre  ia  increased  iiy  1  atmosphere,  aj 
llie  tase  of  solid  b-xiica  thia  inHiience  ia  in  hn^st  otsijtL  «till  -smallel 
is  therefore  netessury  to  have  re^itrd  to  this  vflrijiJjih'ty  only  ii 
eaflt  of  very  exact  inv-eatigfitions. 

The  infliience  of  kinpci-alurt  is,  however,  much  greater, 
volume  of  a  jpven  body  is  (with  few  exceptions)  increased  by  a  t 
teinperaluro.  The  amount  of  Jnereuae  is  very  different  in  the  a 
dift'erent  sulistAiiees,  find  ia  in  general  greater  for  liquids  thai 
solids.  As  a  i-ough  estimate  one  can  assume  that  liijuids  ex]ian 
about  one  tliouaamltii  of  iheir  volume  for  every  degree  of  riao. 
is,  however,  only  a  vei->-  rough  approximation,  since  the  ans 
varies  nnt  only  from  Uqind  to  liquid,  but  also  with  the  tetnjien 
itself.  The  higher  the  temperature,  the  gi'Ofiter  is  the  relative  ino 
of  volume  with  the  leniperatiire.  ; 

In  the  ca^e  of  aeeiiiiito  statements  of  the  density  of  liqtiidH,  Hi 
fore,  a  statement  of  the  tiemjierature  is  notessary.  Approxi 
stJileraent-s,  wuth  as  will  often  be  made  in  this  book,  refer  to  I 
tompeniture — aiy  IJS"  C,  , 

31).  The  other  Kiada  of  Energy-— In  the  diBcuasiou  of  perfed 

imperfeet  miiehines  (]i,  i!l ),  there  still  remains  the  question,  Whjil  be« 
of  the  M'ork  whieh  in  inijjerfeet  machines  diaappcirs  'f  In  order  to; 
an  answer  In  this,  let  iia  make  a  maehine  which  is  iis  im/tfrfei 
f'Kisil'lr,  s«  i\,s  tn  make  the  effeet  proiluced  by  this  quality  hb  ele^ 
poaaible.  In  other  wonb,  we  inerease  the  frietiou  to  snch  a  da 
that  the  niAchine  consumes  almost  all  the  work  that  is  put  into  i1t| 
gives  out  only  a  smail  amount  of  it  in  external  work.  I 

The  result  of  auiL  an  increase  of  the  friction  is  aecn  in  the  cug 
biuily  kept  axle-heurings  iu  driving- engines,  vuhieles,  etc.     T 
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BOtsrr  nor  of  oxygen.  Since  a  suljstanoc  is  chiTracteriseU  only  by 
tti pmpr tiles,  such  a  aUiU'Tnort  as  tiie  mIjoip  his  no  rciil  meiining.  an'l 
\»  nriy  ii  shnri  inacturate  method  of  ex{ii*egs]i)g  liofinite  rcgnlflHtiis 
which  rill  he  dtsciujseil  later  (Chap.  IV.). 

TliiB  ineihwl  i>i  expreasiou  is,  hon-ever,  so  generally  used  that  we 
Duittrcuiu  ii  for  the  sake  of  iiitelligibtlitjr,  though  tt'tth  the  reserva.- 
Mo  jiut  made- 

38.  Combination. — The  proctBa  of  the  conversion  of  o.xidi.'  of 
WffUTT  into  iiieiTUry  and  oxygen  can  be  reversed.  By  henting 
mwrarr  in  toiiIiicI  with  air.  <>,  with  the  oxygen  of  the  air.  to  nbout 
ill  btiling  point,  il  is  convprteil  into  oxiHe  of  mercury.  The  prnceas, 
koTCTcr,  rfjuircfi  Java  in  oitier  Lu  yiebl  an  uppieciablr  ninimiit  lA 
omff  of  mtrviiry. 

A*  a  fiinglii  flubetAiice  ia  hereby  prfHliiceil  fi'oni  two  tiiflVrent 
■  iiir-ea,  the  process  is  callc'd  a  a/inhimiii'iii ;  the  rei-ei-se  profosa, 
'j  '  iiv«nauti  <if  one  siibsUincH  into  two — oxide  of  mercury  into 
mtffiiry  an^  oxygen— is  culled  a.  ilcrofifjmiOoji.  In  the  witne  way, 
iBwniry  anJ  oxygen  are  called  the  i:<Jii.4i/wiifx  iif  oside  nf  mercury. 
ind  Lhi«,  a  fiunjuiuiut  nf  iho  two  Other  siiiisbiiicefi.  It  fs  looke-l  upon. 
Uatfnrt,  as  a  '■■■inifosit''  stilistfinci;  with  regard  to  its  confitiliitnls ;  still 
oWBay  he  aj^iJii  reriiiiided  of  the  reservation  we  have  jiiBt  madi^. 

5S.  Qoantity  Relations.^ Returning  lo  oiu-  experiment,  "e  can 

one  the  ^urstion  a^  to  l\u:  t[Unnt\ty  relations  of  the  participating  siib- 

ttinoH.     From  the  ex|H.Tiences  of  common   life,  one  ivill  be  inclined 

tiiHinno  tJ»t  in  the  ciiriverHiuii  of  a  sii)>^tance  A  into  a  substanue  B, 

theaiDoaat  of  R  o1>Uined  will  diininii<b  and  increnso  in  the  same  ratio 

M tlw  amount  of  A  iiseil.      H'>wecer,  from  thu  same   experiences,  one 

nvld  conclude  that  aithoii^h  the  "yield"  would  on  the  whole  agree 

villi  tliia  niiti,  it  would,  in  imlividual  cases,  show  more  or  less  devia- 

tioafrom  it. 

Let  lis  perform  suitable  expcrimenrs  hy  decomposing  various 
asmuly  weigbeii-ont  amounts  of  otidt*  of  mereiiry  and  nueaHuring 
Um  oo^r^n  evolved.  (The  iieceasary  fireeiuition^  tn  be  taken  ht^rc  will 
be  prtsoatltr  discussed  ;  ride  Chap.  X.)  V^'e  find  that  Hw  rafiti  uf  ike- 
tmmmt  tf  oritif  cj  m/rniri)  \un'il  Iti  iJir  uimmiit  nj  'm/fien  iif'titinftt  is 
oattMl,  lut  onlji  tifpriJiimaU'ltf  M  vtitk  all  the  aeennttfi  wUh  whieh  w  c«n 
n4w  tte  mettxwrmfnl. 

Tbe  relation  which  we  here  meet  with  ie  «  case  of  a  general  law 
Wnainre. 

HlKm  onr  wufnil'inrf  w  rOTiivrW  ivi-  itwithrr,  thi^e  exixta  n  definiif, 
vmtfiM*  nlali'/n  l"lurrn  t}if  ifxight  iif  tlic  snhlanef  iliaappearing  and  that 
^tkt  tviatiMlirf  jiTuiltifed. 

We  ain  at  once  extend  this  1.tw  and  spiy  that  when  two  snbBtances 
tOBbim  with  one  another  to  form  u  third  subatance,  an  invariable 
wliriwi  also  cxist«  between  the  two  suhiitances.  For  tbc  weight  of 
UuiubitAoee  produced  stands,  in  accordance  with  the  law  just  stat«d. 
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feasible  tw  create  work  out  of  nuthing,,  iliilI  tliiit  iiincliiiies  nL  Ites 
give  out  only  the  iituomit  of  work  which  iw  put  iiitn  thtni,  we  < 
the  positive  iaw  of  thv  miixerviitwri  vj  ifin-k  in  [jGffiiet  miiuhiRas. 
further  question  as  to  where  the  lost  ivork  retnaina  in  imp 
mathities,  has  led  to  the  recognition  that  work  can  be  eonverteo 
uther  forms  of  an  eiiitival«nt  thing,  which  is  called  energy  j  and  i 
tinal  result  of  the  iaijjossibilitj'  of  perpetual  motion  thero  is  flevc 
the  Iflw  of  the  coiiServ»tion  of  energy- — one  of  the  moat  impc 
liitt's  of  :ill  nii.tura,l  science. 

*  .Similar  dovelojimtuits  of  friiillcfis  kbouc  into  positive  laW: 
he  recognised  in  otiier  ])<irt8  of  niitiiiriLl  scicEice,  and  we  sbiiU  at  a 
time  have  to  occupy  onraielveg  with  hxk^  «ieeg  (cf-  Chivp.  IV.). 

31.  Summary. — -The  production  jiud  disiippearance  of  suhsti 
(Uiring  i^hemioiil  processes  I'aises  the  qiioetion,  whether  tlicse  eh; 
ohey  any  laws  ;  and  it  is  found  as  a  universal  experieuce,  wit 
exception,  that  the  totiil  veir/fil  of  tbe  siihatautcs  tiiking  part  in 
L-heniical  process  remains  unchanged.  The  total  weight  of  the 
Biibstiinees  produced  is  e»nial  to  the  eooibinad  weight  of  the 
fiUnces  disappeanng. 

Then?  holds,  thcrffora,  for  all  chemical  proceBsea  (and  for  all  < 
knuvvu  procifaacs  likewiae)  the  liur  oj  iln'  rjinarntilUm  uf  wrhjhl. 

The  HW,«  of  fi  given  binly  is  proportioned  to  its  weight,  the 
of  mjias   to   weight  heirij;,  for  all   bodies,  independent  of  tLeir  t 
properties,  constant  at  a  given  &pot.      Hence  there  also  obtains  fa 
processes,  the  chemical  ones  included,  the  tnw  of  Ihe  cmistnuiliiin  (if  i 

The  two  niagnitudea,  weight  and  mass,  Lavo  no  direct  rele 
to  one  another,  and  the  law  of  their  proportionality  ia  a  pu 
empirical  law. 

An  indirect  roJtttion  between  nia-'is  and  weight  is  foinid  by  the 
of  the  conception  of  work.  Denoting  Ijy  this  name  the  priHluct  <, 
force  and  the  distance  over  which  ib  aets,  the  law  can  be  stated, 
the  simple  "machines,"  that  in  the  hmitiiig,  idt-al  case,  the  % 
cjin  be  neither  increJiscd  nor  diminished  by  such  machines.  11 
exists,  therefore,  for  tiiem  a  hiw  of  llie  ams'-n'tilirm  if  wi^ri: 

In  special  cases,  work  apparently  dimppeaitj.  In  these  oasa 
can  always  bn  shown  that  soraethinf?  eUe  is  produced  at  the  at 
time  wliifh  is  proportional  to  the  woi'k  which  lias  diaappeared,  i 
which  C!in  be  reconverted  into  work.  If  we  denote  all  such  thi 
as  can  aiiae  I'roin  iind  he  cojiverted  into  work  by  the  name  tiiciiti/,  i 
if  we  measure  the  dillercnt  kinds  of  energy  in  units  based  ou  , 
co]i  vers  ion  of  n  ilefiidU'  iimouiit  of  wurk  tiiketi  as  the  utiit,  thure  hi 
good,  '[uile  universally,  a  Itiw  tf  fhr  f'iii»-n-itfiou  if  fntrijii. 

There  ai-e  various  kindy  of  energy.     Besides  work  iti  the  ee 
just  deiiioted,  kimtif  t-ncrgij,  i-ledriral  enerffu-,  chniiml  fiirrgii,  Itfitt, 
cha,v«clun9od  n*  Various  kinds  o-f  energy. 

The  unit  of  energy  is  called  the  nrt.      It  was  defined  as  twicejj 
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«ii0rgT  «ontAiiii>d  in  1  gmin  of  tiny  body  when  it  ba«  the  vclocily  of 
1  ccntiniL-uo  iu  I  Bit'oijil 

If  the  I>ody  hiis  ihe  maas  m  mid  the  velocity  e,  both  measureii  in 
the  nriibi  jiwt  given,  its  kirtetic  i-nergy  is  oqiml  to  imc-. 

When  1  gmm  (i»l!s  through  I  cciitimetre,  under  tht'  inflli'eDCU'  O'f 
pnniiy,  it  acfjiiire^  ilie  velotity  of  4i  :!G  cm./aec.  Its  kinutic  onergy 
It,  tionifore,  (-(|iuil  to  980  eriie.  This  iwis  been  proiitioecl  from  the 
worit  of  gntvity,  which  is  eijiijil  to  the  prwiucl.  of  the  force  of  gravity 
aad  the  Hisum-t*.  Since  ihe  liitU'r  is  oijiud  to  lUiity  (1  cm.),  the 
(oniker  mu^t  bo  lthuiI  Io  OHU.  Tlje  foice  with  which  gravity  acta  on 
1  gma  if.  ibiTi-fuic,  eijiwl  lo  51^0  iiiiits. 

A  InxJy  o(  n  ginms  nil  fjilltng  through  I  cm,  ncqutres  the  name 
»flwity,  ■int'e,  us  cxi»ei-iiiieiit  ahon-s.  nil  heavy  bodies  IilII  eqiKiHy  fast. 
Um  Viii*tic  ciierpj-,  therefore,  aiiioiints  to  1)80  ri.  Accortliiigiy,  the 
lorwt  of  gravity  acting  on  n  gni.,  amoiinls  to  980  n  units. 

In   eheiniiJr^,  Weight  ami   mags    have   a  specinl   importance,    froiti 

At  fart  thftt  the  chemical  enocgy  which  eaii  bo  obiainecl  by  the  trans- 

I  "-i.iii.fii  i>f  rtiiy  "ubst;inL-e,  is  propnrtiniDHl  to  its  weight  and  its  mass. 

>:n"-  The  »,-ililP  of  suhsiatic^s  tiswl  for  choniteiil  puqtosr-s,  r.ij.  articles 

n)  fott)  or  (ti«t,  aru  nica^ureil  according  to  the  niuouiit  of  chemical 

■■■"'-:■'  •-^■i:"h  tan  be  oblaint'd  from  them,  tlie  weight  is  iilso  a  mertfiiire 

.:<■«]  viibie  of  iJiffcrpnt  (iiiftntities  of  the  Sutne  ■suV.stanco, 

Ui  luinlusiori,  vin  may  grouj)  tugether  th*  liriils  we  have  selected 

W  tbc  uiiAieui'i^uic'iit  i>(  thtf  ditf'tJtint   magnimdea,     Tbeatj  units  art 

omirrMlly  iiae>3  in  science,  and  ai*  calkd  ahdMtt  vnitn. 


f  nil  of  Time 
„        U'tigili 

Second 
Ci'dti  metre 

90C. 

cm. 

Energy 

Gram 
Erg 

gro, 

IWWt  two  iinita  nro  not  indejjendeiit  of  otic  another  &inc«,  whan 
"Wit"  Hero  ie  givBii,  thi5  other  eau  bo  determined  from  it  with  the 
Wfnt  tiir  fii-sl  two, 

Fthu  ihfst)  (uridiinieiital  units,   compound  units  are   derived   by 

•"linj  the   pmiwr  mji^nitinlfis.     Thus,   the  unit   of   velocity   ia   the 

Ttiwjtjr  of  1  centimetre  in    I  second,   I  cm./Bec.     The  unit  of  force  ia 

'ttuvhi);^  ttcttiig  ov<or  ]  cm.  peiTorma   the  work  I  c,  xnd  is  therefore 

[WttiiWij  by  1  «./cm.     It  is  cjtlle*!  ;»  df/M.     Tlie  nnita  of  area  and 

■oe  MT  given  by  cm.-  and  cm.*    The  unit  of  density  h  1  gm./cm.' ; 

u  >j  extcnaity  1  cm.*  gin. 
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The  formatiQit  of  compounds  from  their  constituents  takes  pla, 
definitf.  proportions  hy  weight,  which  depend  only  on  the  nature  ol 
substances,  and  not  on  the  circumetances  under  which  the  compo 
are  produced.  This  law  of  constant  proportions  by  weiffhf  hold^  fe 
Hj)4s  of  chemiad  transformation  what-ever. 

The  exactitude  of  this  law  is  of  the  same  order  as  that  of  the 
of  conservation  of  weight  in  chemical  processes,  i.e.  no  deviations 
it  have  as  yet  been  proved. 
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.13.  Is  Increase  of  Weight  on  Combustion  Univeraal? — 

iam  the  first  iiipposjtion,   that,  ctniibusitiijii  and  decronae  of   weight 

Jifinga  IiAtirl  in  hand,  cloea  not  turn  out  in  be  true,  one  mny  aii|>po8e 

ilui  il)e  opposite  is  tho  (.'ane,  i.€.  that  irci't-nse  uf  weight  always  otciiis, 

for  !i  toUdwB  from  the  law  of  conservation  of  weight,  that  burning 

paraleaiu  :uid  burning  alcohot  do  not  di.«).ppeur  into  nothing.     New 

lAsUaces  most,  therefore,  be  proihicwl,  and  the  following  cx|icrimc:nt 

ill  Tia/i}]}-   convince  one  of   this.     Take   a  large,   dry  tumbler  and 

ioM  it  over  a  flatno  so  that  the  Dame  bums  inside.     The  tumbler  is 

tlma  aeen   to   bopome   immediaUily   eovprud   with   a.   film    which    has 

CBKtlj'  tlu)  »|)puii.riuice  of  the   Kim  of  moisture  which  fornis  on  cold 

vinfow  paaa&.     Out-  closer  iiivcslijj;nti'in  one  win  eonvinne  ouesCilf  thtit 

the  film  conii8t.^  of  w;i,ter      Hinw  this  phenomenon  docM  not   occur 

nhtm  tfad  tumbler  ia  held  over  the  unlit  lump,  It  follows  thnt  iralef  is 

fbraed  to  the  tlamt. 

PQrtbw,  if  »  simitar  tumbler  be  rinsed  out  with  limr-vxtkr  and 
tWa  belt!  in  this  conditiim  over  tho  flame,  ».  whit«  eolij  js  f.irraed  in 
lb*  lnB»-v.-itt;r  which  looks  oxuctly  like  chiilk.  This  phunommiun  also 
>«car»orilv-  when  thu  Uiop  is  lit. 

'  Thi!  liine-waUir  for  ihis  i>.v[wnn)eiit  is  prepared  by  shaking  lime 
with  wat<r,  and  then  allowing  tht  milky  liijuid  to  stand  in  a  cSoaed 
battle.  In  a  f^w  houre  the  limo  sinks  to  the  bottom,  and  the  clear, 
«i|Mr latent  ]ii|tud  is  then  p^tircd  of)'  into  unvthur  bottlv.  As  &  ruk, 
illhcwby  again  t«c^'oiuo»<  uiilkv,  iiiid  must  gtjind  eome  time  to  become 

TbMo  rxiwrimonts  show  that,  iilthough  in  the  oombusiion  of  the 
abipTr  li'idi'K  cb*?  latter  i.-crLitiily  di^iupiicar,  new  :subatanees  are 
pcnJocvd,  wbiicli  (aca)>i:!  diierl  obtservuLJon  only  from  the  fact  that 
Ihey  occur  as  <^«fs. 

ftnocwB»,  hj  means  of  which  the  presence  of  ceitaiii  substaueea 
Mft  b*  <i*toct«c),  &iich  na  tho  fnrmfition  of  tlio  film  on  tbi<  tumbler  and 
■if  lb«  v-bJlr  itfjliJ  in  lh(!  prcviijnsly  dear  Iicjiiid,  sire  called  r«idi(ms, 
•■d  tbe  «ih*i«iiccft  rnM;ca9;iry  for  thdn,  r^ii'irni:^.  Th«  foi-mfition  of  the 
tin  ta  «  rciK-tion  for  water  viipotir,  and  1imt;-watcr  is  a  rocigcnt  for 
aMb«r  »til>etuncK  which  is  ikl»'i  funned  in  the  combustion  of  ]ietroleum 
m  of  jdcuhul. 

lo  gtre,  tliflii,  a  proper  answer  to  the  (jiteslion,  whether  in  the 
■MfaHtitni  of  pelrnlriim  or  of  i^tearin  an  iiicreiise  or  dimirnition  of 
■ft^t  wcfiirk,  can^  muat  )>e  tnken  r.hiit  the  ^\i6v&  formed  do  not  escape 
■inthr  air,  Intt  ore  heM  fust,  Thie  i»  effected  by  meaci-s  of  a  white 
■■hrtiUicw  whii-h  is  sold  Tuider  the  name  of  caustic  soda,  and  is 
iuto  nwls  or  broken  into  irret;iilar  pieces.  With  thia  siibstanco 
'  nppsr  pun  of  a  lump  cylinder  in  looBely  filled,  a  piece  of  wire- 
fiznl  iut/j  ihr  L-ylinder  preventing  the  caui<tic  soda  from  falling 
The  cylinder  1^  then  pla<.'ed  on  the  bal.ince  in  such  a  way 
tbxt  •  mtkll  tamp  or  a  candle  can  be  placed  underneath  it  (Fig.  9), 
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lit; 

I 


Pio.  0, 


When  the  whulc  Iieis  been  lirauglit  into  cqiiijioi&D  the  lamp  ia  lit.      In 
•  ihort  time  that  side  of  ihe  buluiicu  on  whicli  the  lanip  is,  sinks. 

thus  proving  that  the  petroleum  and  the 
Bteiiriii  on  combtistion  are  ivinvorted  into 
siibsUiices  which  sarn  heavier  than  the 
part  of  the  eomhiistilile  suljsUince  which 
disappears. 

From  thfisu  experiments  we  cun  dra' 
the  jceJienil  conctusion  thiit  combusti 
consislB  in  the  chemJoil  action  of  th 
combustible  BubstJinces  <m  snmc  other 
mibsKmce  which  combines  with  them  to 
form  new  Bubataiifusv  For,  aeciiniiiig 
to  the  law  of  lh«  conservutitm  of 
weiglit,  ihc  increase  of  weight  can  bo 
proriuced  only  Uy  the  nddition  of  another 
pondenible    eulistjinoo   to  tlm  substances 

iiudorgoin;^  combuatioii, 

This  substaneo  will  bu  sought  for  in 
the  air,  eiuee,  in,  the  ciwe  i>t'  tlie  proi:ee5f5 
We  arc  considering,  iln?i-«?  is  tio  pussil>ilitv 
of  the  iicfese  of  iiiiy  other  ponderabl 
aiilisUince. 

34.  Behaviour  of  the  Air  during  Combustion.  — Ff>i*  th 

puqmso  "if  ^i^iting  a  more  exact  hnuwltdi^'c  of  rlio  j)ri.ifess  of  com- 
bustion in  this  direction,  we  must  shut  it  oli"  from  thu  nst  of  the 
outside  world  in  such  a  ivny  thai  we  can  investigate  all  l\\c  cliangea 
which  occur  in  tbe  participating  siibstaneea.  We  therefore  cany  out 
the  rombastion  in  a  elosed  itpacc,  in  tt  fflasa  flask. 

The  fij-st  thing  that  we  notice  here  ib,  that  in  a  given  volume  of 
air  it  its  not  possilile  to  bum  nny  quantity  nf  oil,  but  tlmt  ih»  iunouul 
buttled  is  greater,  ihe  groator  the  volume  of  the  air.  Tht^ro  is,  therefore, 
Bometliing  contiLiiied  in  thi'  iiir  which  ia  necL'B?ary  for  combutition. 

The  air,  howevior,  dots  not  consist  entirely  of  this  something. 
No  matter  what  subatancea  are  Imrnod  in  ii  given  (jmintity  of  air,  one 
never  succeeds  in  using  up  the  whole  amount  of  uir ;  on  the  eontrarj', 
adout  ^-ths  of  it  r«niiiin  behind.  In  this  residue,  combu-stion  can 
no  luTiger  be  produced,  nod  closer  investigation  shows  thiit  the  gas 
remaining  haa  othtu-  i>ro[iL-rties  than  the  air,  From  this  it  may  be 
eoucludeid  that  the  air  ia  not  a  simple  substance,  but  a  mixture  (a 
Bohttion),  con.siating  of  a  substance  which  is  necessary  for  i:ombuetion, 
and  of  another  winch  does  not  effect  corabiistion. 

35.  Oxygen- — Thtit  the  power  of  the  air  f)  support  combiution 
dependa  on  the  presence  of  a  gaseous  subBtance  which  docs  not  con- 
stitute the  whi>le  air,  but  only  alwtit  |th  of  it,  was  Bluted  by  ibe 
chemist  Scheele  (burn  at  Stralsund),  towards  the  end  of  the  eighteenth 
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«<iWfy,  Scheele  iMiiiticmLtj  Iiis  npiiiinu,  wlijth  was  ii|ni(i3ci(l  to  the 
Uwn  ennJDg  ido*s  of  tlio  ■•  i-Iemontiiry  "  riiimre  of  the  air,  hy  sh(>wjng 
fcw  io  preparo  a  BubeUuift'  whii-li  1];mI  the  jjower  of  siijiportiiig  ^.^om- 
Uirtioii  in  M  much  fiftthyr  degreo  tLaii  imJiiiary  air,  hik)  which  left 
!-1l1(ii1  ho  rcsiihi''  irirnpaWr  nf  Bii|iptirtiiiy  cumbustioii. 

Si'Wl*  ii)iurrii-<l  his  yns,  ivlii<>h  li<i  cJillefl  Jire-nir,  by  atrongl^  heat- 
ing tht  »;lml.ini'v  woU  kniiwn  hy  tiic  imriit>  of  mliptlrt.  He  nfl^rwurtls 
utAunnl  it  111  lh«  satue  mutiner  from  the  mincml  piffuliiAte, 

IndepeniJeatlv    wf   St-hcck,    the   samt    substance    was    diacovcred 


Tvi.VK 

Uu-r  liy  Priestley,  who  prepnred  it  by  atrougiy  heating  a 
iw  Hubtttiiii'CiL'  uilltil  I'^i'h  'if  Hi€tninj. 
ic  Uac  t'xiwrimtmt  is  thi-  tii'ist  convenient  for  repetition-  The 
w  pnwiior  (oxiiif!  ol  mercury)  is  placed  in  a  bcut  tube  of  hard 
^im  (^g.  10).  The  tiilx!  is  closed  by  u  jwrfuruted  cork,  cnnying  a 
amtv  tube  witli  indiiiriil>lter  tubing  atuw^hi^d.  Oti  bcatitig  blie  tube 
taautaing  ihv  itxi'lv  of  iiivrcury,  this  sub^tancu  first  becomes  darker, 
iIbmI  black,  ill  colour.  After  aomt;  time  a  fUm  with  u  metallic  lustre 
«.k>B*d  on  the  nibi?  near  the  heated  part.  If  the  end  of  the  gas- 
rr  tube  is  }>l»CQti  under  \rater,  bubbles  of  ga&  are  seen  to  rise. 
migbt  tw  tjikvii  for  air,  which  is  c^iused  to  expand  hy  the  heating, 
mA  jmitwlly  t»rm{)e8  from  the  tube.  We  can  readily  convince  our- 
hItw,  boi«(TV*r.  that  the  gas  is  not  ordinary  air ;  tor  if  a  spltnter  of 
rand  wbidi  baa  been  lit  and  thou  blowti  out,  su  that  unly  thv  ctmrrcd 
ml  gWw*  f««Ujr,  be  brought  to  the  mouth  uf  tho  tulHH,  it  at  once 
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II.  Metals 

P.   AlakftH  metnh.  1 
Cr,  Alkaline  aatlii  iiiilals.       r    Light  niut.iUii. 

H.  Eurtli  [Qi-'tab.  J 

I.  Tho  iiijn  gfuL[[v  1 
-T.  The  tfoj»|n!r  g['cii|i.  -   Heivy  inetala. 

K.  OthurmeUls.  I 

The  ubove  gtouping  ia  hy  no  mean?  ideal,  still  it  has  the  M 
tago  of  bringing  together  the  most  important  natiiml  groups  ol 

The  two  divisions  of  the  melals,  tte  light  antL  the  he«vy, 
ao  formed  that  the  first  division  oontiiins  the  metids  whose  dei 
lIol's  lint  exceed  +,  whiln;  to  the  second  division  belong  the  mctak 
higher  density.  With  this  iipparently  rjither  external  and  iirbit 
distinction,  there  ai'o  bound  up  imjMrtiinC  chemiavl  differences,  w 
form  tho  real  jiwtificiition  nf  tho  ilivisioii. 

We  pass  now  tu  the  characterisation  of  the  individual  eleu 

Non -Metals 

A.    HVDBOGEN  AND  TKE  HAJ-OfJKNS 

lli/d/'iiijen  18  a  colourless  yiis  which  is  more  diEcolt  to  B>riiig 
the  IJiinii]  jvnd  solid  fltate  th:m  any  other  substinice  except  helium. 
ia  the  Itghteat  of  a.11  known  suhstunccs,  for  1  ec.  of  it  wuiglis  oB 
"normal"  conditions,  i.?.  at  I)  C.  ,iiid  under  a  prosatiro  nf  "Gj 
mercury,  only  OOOOOSi)  gtn.  It  does  not  occur  in  appreciable  i|Uaq 
iu  tilt;  fre*  atiite  in  nature,  iilthough  there  18  probably  a  very  6t 
quantity  of  it  jiresent  in  the  air. 

In  contiMjunds,  hydrogen  is  met  with  very  frequently.  W 
ivhJcii  covers  itlis  of  the  earth's  surfiice,  is  a  compound  of  hydr( 
with  oxygt'n.  Muroover,  hydrogen  is  present  in  almost  all 
substauiTs  of  which  the  bodies  of  animnla  and  plants  are  built  up. 

l-'luiiwt/:  ia  a  f/initly  ycllowish-griicu  colourtsd  gas  vliich  dc«a 
occur  in  nature,  and  which  can  lie  prepare*!  only  with  difficulty, 
it  at  once  interacts  cheinicuUy  with  almost  all  substances. 

lis  natiirally  ouciirring  compounds  are  not  rare;  the  boat  kno' 
fimtrsjMT. 

Okliiriiu:,  likewise,  does  not  occur  free  in  nature,  and  muai 
prepared  from  its  eotupnunds.  It  is  a  yelJow-green  eoloured 
with  a  piMveiiul  smell,  and  has  a  very  harmful  action  on  life 
kinds.  By  moilenite  pressure,  it  can  be  condensed  to  u  yellow-gw 
coloured,  oily  liquid,  which  is  prepared  on  a  maiiufaeturing  scale  a 
sold  in  raetJil  bottles.  Chlorine,  also,  has  the  power  of  readily  formi 
chemical  compounds. 
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Gmipoiiixl^  of  chlurine  occur  widoly  in  niimrp.  The  innst  iin|M»r[art 
urflMt  knon-n  is  nmtmon  suit,  the  familiar  white  suiislanee,  whidi  '\a 
WjiMr  id  water  &ud  u-bich  we  «re  wont  to  add  to  almost  all  our  foixl. 

I!  fr.hlone  neiil  is  a  eompoinid  of  cDorine  and  hydrogen. 

'  ia  H  dftrk  I'rown-red  lifjiiid,  trarispartnt  only  in  ijuite  ihin 
lif  >n,  uid  ie  oii(>  of  the  ffu'  elements  which  are  liquid  u.t  ordiiiary 
tHB|Miiare9k.  Kvdn  at  room  tempc'raturo,  it  passes  VL-ry  readily  into 
t  yt'll"w-red.  heavj'  vapoiu-  which  lias  ;iii  cxcBodiiiyly  d is,igree:ihl(! 
Until,  and  ha«  a  Caustic  action  on  all  organisms.  It  iliarfts  with 
(uunne  iiiid  chlorine  the  ividely  extended  combining  power,  hut 
|iMMMM  this  to  a  lesE  degree  than  thos>3  elements.  Bromine  do6$ 
nolKcar  frw^  in  nature. 

Tbt  Wat  known  cfimpountl  of  bromirit'  is  /intiixsinn'  hivmi</';  n  white 
•li,  iwidily  tiolyble  in  water,  which  finds  ap|j] icition  in  medicine  aiul 
in  pliotograpKy.  The  bromine  compounds  occur,  indeed,  widoly 
dMhl>!iE«<l  in'  nature,  l>ut  ^enendly  in  small  i^iiutitities,  so  thut 
brajiiiri)  Jeltjngs  to  thft  somewhat  nirer  elemenlB. 

li^tw  IS  a  solid,  crysUdtrnp  substance  of  n  hljickiBh-vioIrt  foloitr, 

Mdwiiha  Insgrirwijich  a.p]ironeheK  thut  uf  th«  metals.      It  volatilises 

.;    I'^rui    lenipeniture  ;   auUiLMoiil,  however,  for   it   to  have  h 

iiiii  itot  iileuwiiil  smell.     At  higher  tfmperatures  it  melts  and 

ftmo  into  a  vapour  of  a  fine  vii>lct  colour. 

'■■■ii'.r  dissolx'es    iu    various    liijuids,  giving   aolutions   which    are 
■  ■  colourerl  IiMjwti,  so  met  lines,  violet.      A  solutkiu  of  ioilJrie  in 
iicuSui  u  cmpEoyrd  in  medicine  under  thu  nfinic  of  tincture  I'f  iodine. 
It  ii«  Uiioii  litjuid  having  the  eniell  of  its  two  eooji'nncnts, 

li4i(]p  does  not  occur  free  in  nnlure  ;  its  L'iini]iinMids  itix"  epiti-McIy 
i*tnf«ito<i.  /'■  i/i*.sfiu«i  ludcde,  a  wiiito  fiidt  i-eiidily  Uecoming  yclhiw 
«  fcpnru  oninured  owing  lo  the  sepai-ation  of  iwtine,  finds  frequent 


B.  Thk  Oxygen  Group 

ttijiMi  is  II  n-TS  which  forms  a  constituent  of  the  nCmoBpherie  air 
lalau  Jihj,  iind  its  wiJt-h  Ja  exceedingly  imptortant  for  living  natui-e, 
IWwartc  or  anePHV  which  the  organisms  require  for  the  exercise  of 
ikor  hinrtions  is  derived  from  the  combination  of  the  subetancea  of 
«Uii  th^y  consist  with  oxygen.  Likewiee,  all  phGnomenii  of  com- 
^tUto  b^  m«&nft  o(  which  we  waiTii  our  houses  and  drive  our 
■■kiaw  depend  on  the  co-operation  of  oxygen. 

Osf  i:cii  t^  ii,  in  thin  layci-s,  colourless ;  in  very  thick  ones, 
iW.  Bf  ittrong  cooling  it  can  be  condensed  to  a  bluiEh  liquid  which 
Wkit-IKO'C. 

iMdu  Line  Urge  quantities  of  oxygen  which  occur  free  in  the 
^  than  An  also  enormous  quantities  of  the  element  contained  in 
Mtjst  uf    the  compound  anbetances  which  ve  find  at 
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the  etirth's  tiiirface  contain  oxygen.     Of  tlitse  compouoda,  tlie  moat 
importiint  is  M'ater  (cf.  p.  46).      In  weight,  oxygen   far  surpas&es  all 

atlier  eleraents  at  the  earth's  surface. 

Oh  account  uf  the  ^eat  imiwrtiiiicu  of  oxygQu  and  of  its  com- 
pyiimlB  (or  all  life,  and  on  accmint  of  thd  very  numerous  coiiipoundfi 
wliith  it  fui'tus,  this  elcmuiit  occupifs  a  5i>eoiRlly  prominent  place  in 
chomistjy,  &nd  ma.y  he  designated   as  the  most  important  of  all  tW^| 
ftlcmeutB-  ^M 

SitljiJiur  is  a  well-known,  yellow,  fiolid  substancu  wLich  melts  al 
120"  C-  to  a  honcy-colonred  liquid  nnil  reailily  intijimeB  in  the  air.  It 
bums  with  a  bine  tlaiiie,  fonniny  a  gaauous  oxygoii  compiiund  which  is 
easily  recogriiat-d  by  its  piiiigDnt  odour.. 

Sulphur  does  not  conduct  electricity,  and  readily  Irecomes  negatively 
elecli'itied  on  twing  rnl>ijed. 

Sulphur    ia    widely   distributed    in    nature.       It   occurs    in    lar^ 
fjuanlities,  especially  in   voleattie   regionw,  eoraetimes  pure,  aometinies 
impure  through   admixture  with   oartliy  matter.      Not   intonaidcTable 
quantities  of  sulphur  arw  also  found   in  plaees  whuro  si  decomposiiion 
of  ealta  containing  BuipLur  is  effected  by  ]>eat  or  brown  roaL 

Sulphur  IB  met  with  in  much  liirgiT  ([Uautity  iu  chemical  comjMJUns 
than  in  the  free  state,      Giji'Siim  and  trim  j/t/riies  may  l;e  meiitiuued 
the  1>e»t  known  of  tbesc  suJjetanees. 

Bcaidcs  the  oxygen  compound  of  sulphur  just  mentioned)  a 
bydrogftu  ci>mpoi)iid  forces  itself  on  the  observation  through  it* 
cnnspti;uoii»  iind  unplcijuant  ^mcll.  This  siibsljiitce  is  produced  in 
the  decomposition  of  lunny  aninml  substances,  tj/.  eggs,  and  the 
"emell  of  rotten  eggs*'  thereby  produced  is  in  reality  the  amel, 
of  this  compound,  auIphnrL'lted  hydrogen. 

Selenium,  and   TeHiiHuin  arc    two  very  rare   elements  whose   cot 
(wtinda  are  sirailiir   to   those  of   snl|]liiir,  whereas   the   free  elements 
differ   in    their   prapcrtion.     SelcuiuuL   is  genet-ally  jl  bhick-red,  solid 
substance,  which  does  not  entiducc  electricity.     Bonides  this,  however, 
anotliiflr  form  of  selenium   iB  known  whieh   has  a   half-nietallie  liiBtrC' 
and    a    alight    elettriejil    coriiluetivity.       In    nature,   selenium    ocet 
almoat  entirely  in  the  form  of  compounds  ;  occasionally,  it  is  found<! 
traces  ncconipanyini^  sulphur. 

tdlvnum    is    a    grey,   solid    substance    with   iDGtallie   lustre,   and 
conduets  clcttritity  like  a  metal.     It,  also,  occurs  in  nature  gener 
in  euiinjiuunds. 

C.  The  Nitrogen  Groi;p 

ifiirayfti  is  a  gasuotis  element  aecurring,  ta  a  prepondBrating  extani 
in  tho  free  stulo ;  the  amount  of  the  nitrogen  eompounds  in  nature  is 
small    compared   with    that   of    eleraentajy   nitrogen.      It   forms   the 
chief   cmiBtitUBi'*    "*    atmospheric    air,    which    is    a    mixture    (not   a 
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liwl  iruTu pound)  of  Jths  nitrogen  ami  !tli  oxygL-n  by  »*olurac.      As 
be  uiwlcrsiood  frum   th^>  known  properties  of  iIih  air,  nitrmgen  is 
mlonrlcs^  juid    tneteles*.       liy  greiit   coliI    it,  jiIbo,  citri    lie 
to  a  lif|nid;  wnth  ^renter  ditfieulty.  hnwever,  than  oxjgori. 
]k  InuJing  imiat  Ucs  lower  thiin  that  of  oxygon,  viz.  -  lfi+    C. 

Allhttiigli  ibe  uilrugiiu  t'omjjounjs  ar«,  in  amount,  infarior  lo  the 
Im  oilrogen,  they  aje,  ucvortheli.'i'E!,  of  very  j^eal  im^iortance,  sincu. 
lli^Biait  itnportjtnt  t'onstitiientJi  of  iht!  vegetiiiilc  and  niiimiLl  gtrittrtiiros 
UB|iiUog«ii  compuurids.  Especially  tiic  ssulistJini-e  of  thi;  irnij":li'^  mid 
lie  cniiterils  of  tlie  cell^  tlie  so-called  prntoplasiii,  lo  which  ttiii  ipiil 
lileKtiTity  is  iitUL*heiJ,  are  nitrogenous, 

l)f  it«  U'Uer  known  L-orapoiinils  of  nitrogen  in  the  miiienil 
ha^om,  "iftftrr  jind  sr/  avim"»ui'-  may  f>e  raentioned- 

In  cunlradiHtinctiun  to  the  ek'cntiiits  wo  have  Litlieilo  mentioned, 
(fcnKiitani-  nitrogen  possesses  only  in  a  very  slight  degree  the  power 
'i  tnu^r^cting  themicilly  with  other  aiihstanLies.  It  ia,  cherefnre, 
dirKUriji).->l  tis  a  ilieuiicnlly  inert  or  indifl'erent  oluincnt.  Tn  ol>taiii 
ailni^u  compounds  one  cannot,  therefore,  as  a  rule,  stitrt  from 
miRJen  i\jut\i.  but  the  (iesired  aiibstaiice  niust  bfl  jurepared  from  other 
tntnigva  comFxiiinrl^. 

fiatphur'ij'  is  an  element  which  is  chissmi  along  with  nitrogen,  not 
'XMrmnt  of  iheir  Mmiltirity  in  the  elementary  stiite,  LuL  lieeaiiMe  of 
ll»  •tmilnrit V  of  the  etirreqjonding  compounds.  The  free  elemiCTits 
thenvJvej  are  widely  difTereTil. 

Hi(«phoni5  19  known  in  two  different  ffirms,  which  [misbcss  quite 
'iiSmal  pni[>ertiea,  tuit  represent  chemiadly,  both  of  them,  oltimentary 
[>lM[it«inis.  Thi*  is  seen  from  ihfl  faet  thiit  Initb  forms,  in  thtir 
mUafiiitti  with  other  HiilKiUni-e.%  iiUvays  K''*"*  *'"'  same  cmiiiinnniU  iu 
tie«imt'  [irtijionions,  and  earli  ean  be  convyrttd  into  the  other  wiLhont 
welifc  Thf  difTeieiice  bciwiren  liiem  must  be  interpreted  in  swrn^ivhat 
!fe«iDv  w«y  as  tb«'  difl'erentt;  between  water  anJ  ice,  only  that  in  the 
**  u^  phMsphonis  tho  traiisformiitioii  does  not  take  place  so  ejieily 

Tlw  lir-!  t'onii  uf  phosjihonis  is  a  eenii-transpnreiit,  fsiintly  yellnwish 
mmuttn  whirb  lias  tliu  property  uf  ap{>ciiring  luminous  in  luoii^t  air ; 
i'-Aa«iry  f\ijlvu£  fnnies  and  changes  irl<.i  an  .'itid  li'joid.  ^\m  i^duu 
'i^lir  fart  that  phiidphoniR,  even  at  tht-  ordinary  tempenitiire,  mva- 
with  oiygen  ;  it  undergoes  slow  eonibustioii.  At  h  aoniewhai 
lcai[fcr)il urr,  the  slow  combustion  piiesee  inki  ra|jid  gvmbwslion, 
ly  ibfi  pbo«pliiirn»  bnrns  with  a  bright,  yLdlicwish-white  flame, 
III  I'lrnuiLiim  wf  white  flunes. 

T        1    form   of   phnsphnrns   appeni-s  its   a   black-ri'd    powder 

■fai<'.  luuies  iwf  ii.ppeiirs  jj^iniinoiis  in  the  air,   nor   beeotwes 

I       This  rfil  iJnisiiknni.1,  also,  tnUvs  fire  niUL-li  less  easily 

;■-    mentioned    u-Jni'-   [ilioxpfmrHs ;    havinfj    oncv   lakyn    lire, 

WTW.  it  hiims  in  the  same  wiiy  as  the  white  form, 

Cwh  vamty  cmi  "ho  imn^ormed  int<)  the  other  hy  the  fiction  of 

I. 
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heat.     Tiio  relations  which  are  hero  met  with  will  be  dist'uss 
(fli;ip.  X\'.). 

Only  ci.nii]xniiids  of  phosphorus  occur  in  nature,  Tbeae  alsf. 
jui  InipurUnL  («irt  in  living  nature.  The  twiies  of  the  vertt 
iiiitmuk  contain  ciDtiifjoiiiula  of  pho&phonta,  And  serve  as  the  sfi 
jioint  for  obtaining  the  dlenieiit. 

Arsenkf  in  lis  corapoiinds,  is  closely  allied  to  phosphorus,  Ktid  i 
free  stato,  also,  lias  a  certain  similarity  to  it.  It  Is  «  iilack  siiha 
with  ;i  fselile  metallic  hiatre,  and  einKtucts  eleetricity  like  a  r 
On  Iwing  licjiteil,  it  [nissqs  into  ii  vapour  without  previously  lael 
th*!  vapour,  likewise,  on  cixiliri^,  juisrcs  directly  into  solid  arsentL-. 

In  nature,  iirseiiic  occuin  Loth  in  the  elementary  stJite  ai> 
<:oiapouinls,  aspeciully  mth  the  hipiivy  metals. 

The  most  conepicumia  property  of  nraenic  ia  ita  great  poisonoua 
All  eoruptjunds  of  Uiia  elument  arn  mora  or  less  poiBoiious.  Mc 
the  I'Asun  of  arsenical  poisoiiiiij,'  occur  wiih  an  oxygen  fomjjouc 
this  elunieiit,  whin.'h  is  commonly  enlled  whifr  nrnemi:  or  siui]tly  arw 
it  \s  a  white,  almost  tasteless  [lowder,  slightly  soluble  iu  water. 


D.    Thk  Carbon  Groli" 

('tcj'/wji.- — The  peculiarity  which  ■was  found  in  the  ci^ae  of  son 
thtf  preceding  elements,  that  there  exist  ilifieretit  solid  forma  "tl, 
yi«|il  txai'tly  the  same  transformation  products,  ia  prt^scnt  in  u  I 
mnrlci-i!  degree  in  the  eaao  of  carbon,  for  this  element  is  know; 
tbreo  (juitc  difitinot  furma.  Onlidary  !»!«ck  chin'conl,  the  inirtet  i 
•if  which  is  mit :  ^ruj'liite,  the  nirtt.«rial  of  leiiiS  pencils;  anrl,  lat 
ihe  Jhimi'iul,  tho  tolourloss,  sCroiijiily  rul'nictiny  and  exceedingly  I 
precious  stojio, — all  coiLsist  of  cirbtin,  antl  yield,  in  all  chemical 
lonaalioiia,  equat  quantities  of  tlTe  aaoi*  tiiud  product. 

Besides  these  fomis  of  elomentnry  tiirbon,  which  getierally 
in  uatuTO  mi^ed  with  impurities,  thert'  are  iLnmetoua  componr 
derivatives  of  carhon.  It  is  present  in  enormous  quantities  ii 
niincntl  worUl  (in  limestone),  and  forms  h  never  absent  constitiio^ 
all  iHijunisiiis.  The  'iiflereut  comi>onnds  of  carbon  occurring  ii 
aninia!  anii  vegctitlile  kingdoms  give  rise,  in  cliemical  actior 
numerous  other  ctmipounda.  Above  ibll  oilier  elements,  carboi 
endowed  with  tliG  greatest  power  of  fnnning  different  denvativeaJ 
the  number  nf  substancea  which  contiiin  carbon  so  greatly  exceeilJB 
number  of  the  eoinpounds  of  tlie  other  elements  that  the  ehemisti^ 
the  earlMJ[i  compounds  forms,  under  the  name  of  unjaw  chcmistr. 
special  part,  auii,  indeed,  as  ragarda  the  number  of  known  fiul>stjin< 
the  larger  part  of  all  chemistry. 

Thaae  ivgnmc  minjummk  consist,  in  the  aimpleist  caseB,  of  carbon  I 
hydrogen  ;  to  tliem  belongs  petroleum,  which  is  a  mixture  of  vari 
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"Inintoirliuiis''  oi  simiUr  toiiifmsitioti  jukI  pioportius.  Uxygt'ii,  iii 
luliili'in.  is  cvtitiuiuxl  in  the  substacKca  which  are  cla-s»c<i  together 
under  the  oamc  nf  the  /nU,  aud  also  in  ihe  slarch  mid  flit^ar-liku 
wlMtMwea  whicli  occur  tx>  «  sjjeiially  |,irj;u  <;xteTit  iit  pliinU.  The 
ilhoDimoiils.  of  M'hirh  the  muscles  and  tlic?  tii^ives  nrr  hnilt  iij>,  nrid 
in  whifk  thn  chpmicivl  prc-eosses  uf  life  foi'  the^  gr(?at<"r  I'art  t:ike  )>[ac<.\ 
rwtwD,  Wsidt^  the  alrcjuly-inentioricd  elements,  iiittu^L'ii  ;ind  geiiw 
n\]j  listt  3it][>hiir  and  phmiihotus.  Thnt  curlioii  is  contained  in  nil 
lime  tii))sLLnce»  is  ri'tujily  seen  when  they  ftre  strnii^lv  henteit.  The 
"chtfrirj;  *  wliirh  thereby  tjikea  place  eoiMiels  esai.>nliully  in  tht*  other 
flrmciiU  cMc:t}>iiig  na  vojjilile  compuiindp,  lejiviiig  Ijehliid  the  pcirtian  of 
lli»  carh-m  which  docs  not  di^Jippear  wiih  thcso  cotiipoutida,  :is  chureoiil. 
.Vfter  uxyg^'n,  cnrhon  must  be  donignated  ns  the  moab  importHni 

faivjtn  i»  mi  elfoiriit.  whiib  doen  not  occiir  in  the  free  state  ou  the 
onh.  In  the  furm  of  an  osvgen  conipoiiud,  known  as  sifetV  aciti, 
iwiof  denTatives  of  this^  ailicon  is,  however,  one  of  tho  moat  widely 
fliitrilaitpd  plain  eiita. 

SiikoD.  like  Citrlion,  c«u  be  obtained  in  vivrioiis  fomm,  as  a  brown 
pXnliT,  and  as  an  iruii-giiey  britUe  mass  with  motallic  histi'c.  This 
iHUrkna  condurU  electricity. 

AnuxTgnn  eomponnd  of  &ilieon,  silicic  acid,  constitutes,  as  quartz, 
•  Isirpftrt  'tf  bhfi  not]  ami  the  luounlaina.  Compouiidfl  of  eiliuic  ucid 
"iAnttioii*  tiicL&l^  e^}t«!L'iuH}'  of  the  grunp  of  light  iiiet^^  comjKise 
MR  <A  the  n>ck«.  Silicon  ia,  thert:fore,  essciitiully  the  element  of 
4*  olid  mist  of  the  earth. 

to-^  u  oil  eli!motit  » hith  Joes  not  otiur  to  u  lar^-e  extent  in  niLture. 
[■■wr«rfutuMl  Iri^  but  must  W  prepared  fiom  its  <. (impound x.  The 
pnfMrtiu  ai  elementary  'foron  are  similar  to  tho»-p  of  silicon. 

the  II  iitant   comjwund    of  lioron   is   likcwisK   that  with 

*qr(>Ji.  ritnjried  ill  I'VT'U,  a  auU  (ise^i  iu  the  arts  for  solJor- 

^mi  f  [iiir|)05es,  and  wljieh  is  the  best  knowii  of  all 

4l  CMaf ■ 

R   Tm;  AJttmx  timn  i- 


!■  amiMpbehc  air   then:;  are  fouriil   in   very   small   (luantittes  a 

W  0Ma  which  have  only  recently  been  discovered,  an>l  which  iire 

imsfa^tl   by   the  )>eculi:inty  that   none   of   them   \i:t&  ever   been 

to  enter  into  cheiaiccil  Cumhioatioti.     Tllf-y  are  knotro,  there- 

Ijr  m  the  elementary  state. 

Ac  lot^liwi  kiiuwn  ta  ar^n,  which  is  pirewnt  in  the  air  t<>  the 

[niMK  of  rslbffT  more  than  ,  ^lh  ]iart  by  weight,  and  remains  WhinH 

tht  tAhee  ooBipoDefitM  bare  beco  Mnverted  into  stable  chemical 

lafoutwla.     It  is  •  oolotirieea  ^:a&,  which,  on  account  of  Its  inability 
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to  form  chemii!iil  conipuiiiids,  is  also  odourleiiB  ami  laeteless.     Its  < 
ia  gieiiUrf  than  that  of  air. 

BGBJdcs  nrgoii,  ii  few  iil.lier  gasea  of  similju-  eh»raic!il  irKiiffere 
bnve  liecii  4lis€ovcrei].  These,  Hkewi&e,  ol'cuv  iii  thu  air,  but  in  m 
sninller  (|uaritity  ;  ihey  are  aleo  contained  in  mcasiinihlc  tjimnl 
i^nclosed  in  some  minerals.  They  artj  called  HeHuiu,  Neon,  Kiyp 
mid  Xeiitm. 


The  Light  Metals 
F.  The  Mtn:ALs  of  tiik  Alkali  Group 


• 


The  tnetwls  of  thU  group  have  mimy  properties  in  common.  Tl 
have  a  \ow  flenaitj,  some  of  thcin  lower  than  thai,  of  water.  Til 
power  qf  foi-ming  chemieal  compounds  is  very  highly  developed, 
that  they  never  occur  free  in  nntiire.  Iiub  must  firat  be  prepnred 
energetic  means  from  their  compuiiruU.  Hy  rwison  t>i  their  gis 
combining  [xiwer  they  lifivc  the  property  of  ruactiiig  chemically  W! 
moat  other  suKatances,  and  can,  thareforo^  be  preserved  only  by  obe^ 
ing  apecia.1  precautions,  t 

/Wus-.s-PHJij.— Frt'-sh  Gurfaces  of  this  light  metal  Blow  &  fine  sill 
lustrii.  It  readily  niults,  iind  id,  even  at  the  ordiniiry  Leinijcriils 
soft  like  wax.      At.  a  rod  heat  it  passes  into  vapuiir. 

In  niitnre,  only  compoiirida  ofpotiieBiiim  occur.  As  the  best  knc 
of  these,  snltj'elfe  and  jH)la.^fiiis  may  be  i;il(id.  Tiie  most  importaiK 
raniaUiti:,  which  ia  obtained  in  lurge  nuantiLiee  in  Bonio  [ArU] 
Germany,  apparently  as  the  residue  left  on  the  evjiporalion  oC 
previonsly  e\i.itent  eea.  I'laiit*  re<|inrc  [totasHium  coiuj-iounda  | 
iheii'  growth,  ami  whtsre  these  are  not  present  in  KnHicient  i{nantity| 
the  soil  they  are  added  as  manure  in  the  form  of  C)i.rnib1lite,  or  of  ^ 
componnd  prepared  from  it  and  richer  in  potassium,  /wfiw.wim  r/i/ori 

Potae-iiura   compounds   of   all    kiaids   pliiy   an    important   part| 
the  arts  and  maniifaLturas.     rotasshim  is  also  of  inijiortjinfe  in 
ni'^'iiiiam  of  man  and  the  attinmls  j  it  forms  an  easeatiul  eomponenb 
the  red  blooil  corpiiacles. 

The  elcmtmts  rufir-ihtm  and  <w.w«m  arc  iiliied  to  potapsiunt.  Th 
properties  are  almnst.  identical  with  those  of  potass  in  m,  tiotli 
elements  and  in  compuiinda.  In  contrjt^t  ivtlh  potiisaium,  hows' 
they  occur  in  very  HUia!!  amount  in  naturu. 

Sodium  ia,  in  its  properties, ".  light  metal  very  eiroilar  to  potassh 
Its  eoniiMnnids  are  likewise  found  in  enormons  quanlitieH  in   natm 
Thu  best  Isnu'vii  and  nioal  important  of  thcsO  is  comnivn  mU  (p,   -ti 
which  cunsisLs  of  sodinm  and  chlorint*.      It  serves  aa  stiirliiig-pfjint  f 
the  [jreparatiori  of  moat  of  the  other  Bodiiini  corapotmds,  ;is  also  of 
chlorine  compounds.     Soilti  and   Glauber's  salt  are  also  com 
sodiitni. 
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is  a  nire  element,  which,  in  its  pr-0|)erlies  and  L:umpoiiTtdi>, 
~  rith  tbf  other  elements  of  this  ^oup.     Ic  finds  no  greiil 


<;.  Tub  Alkalink  Earth  Metals 

The  rlemcrt*  nf  this  ^nm\-\  share  vilh  ihu  alkali  iiietuls  the 
ftvferty  n\  a  low  deiisitj-  and  nf  ii  hifjhly  <ieveloped  comhlrtng 
pwrr.  AVherea^  these,  however,  cminol  bo  exposed  to  the  air  with- 
out At  finee  combining  with  the  oxygen,  the  alh;iline  etirth  nietnla  in 
«  dry  slate  remain  unchanged  in  the  jLir.  They  nre  atao  much  more 
Mmdow  and  nion«  dil1i<:ult  U)  melt  and  to  volatilise  than  the  nlkali 
■BOaU;    they    have,   thei-eforc,    moiB   the  charneter  of  the  ordinaiy 


Mayitaium  is  a  white  metal,  somewhat  of  the  colour  of  tin,  which 
ins  ancbanged  in  thf  air  as  lonj^  jig  iho  tomjieriitiii'o  is  low.     On 
keatetl  it  liike-s  tire  »ti<L  burns  will)  a  hrilUiint  light,  forming  lut 
•lygen  compound. 

Cuiapuiinds  uf  magnesium  occur  rery  largely  in  uitUire.      Almost 
til  roelift  »i-hith  contain  silidc  afiil  also  contain  magnesium  in  the 
Cora  of  a  compound  with  ^ili<^^ic  ncid.     There  .ire  iiltao  otlior  mineral^! 
vliicli  contain  magnesium.      In  daily  life  gevcral  m:tgueaium  eouipouiidb 
ioition  \  the  most  important  are  »iiac/nrsiii,  which  ia  an  oxygen 
d  of  the  metal,  and  Kjisom  salta. 
Steulli':  mAgDB^ium  does  not  oecur  in  nature  any  more  (h»n  any 
U  \ht  irthiT  light  melals. 

I'iilcttitit  is  simihir  to  mikgnceiiim,  hut  oxidiseet  with  much  gi'sater 
nadiBMH.     C»m]>uiinds    of    this    elenierLi    octiir    in    natui'ti    in   largo 
■fButitibi,   uad    imvo   au  cRseutial    share  in   the   Ijiiildiug   op   of   the 
oitk'i  eni«t. 

*>f   mch    cotupoiinila   there    aliunld    Im    raentioried    Iwuili'n-'   and 
Mumiif ,   the  latter  contains  magnesium  as  well  as  culcintn. 

Marble,  the  nac  of  which  ia  known,  ia  a  sp^'cially  pure  form  of 
Hro«tijnp      From   limestone  mortar  is  prepared.      Gypnum,  also,  luid 
■■b   fin'I  a  siiiiiliir  application  to  niortair,  contain  ojdeinm. 
ii.nipuiimls  ai-e  largely  applied  in  the  manufactures. 

i    i«i/(i(w>   are    t\m  MpnientA   which,    in   Their   whole 
...,.  ....   .  I'wcly  atlJKd   to  cnlcium.     Their  euni[ionnda,  hovvi^ver, 

«  mneb   ^tmalJer  r|naiitilVt  although   iht-y  eannot  neiiiully   l«i 

a'  -       '  rr, 

mm  Tniist  be  mentii)n»l  as  an  element  lielonging  to 
lpau|>.  Ii  I1.1-  the  aamc  rebition  to  the  other  inenitM-m  us  lithium 
ttotbe  other  alkiiii   niutals,  i.f.  it  eliowa  lem  similarity  to  (he  other 

■mhrt  lion  tbcw  to  onf  another.     Il  is  a  nire  element,  deriving  iU 

*'"■ '—  '•-    T-'-arrftoeff  in  the  minoml  lieryl. 
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H.  The  Eauth  Met\l.s 

The  fllsmeiits  of  thia  group  have  the  characWr  of  the  urdini 
luetals  ill  rt  much  more  pronounced  nirt.nn^t'  than  ihoac  f>f  tlio  p 
cwliiig  groups.  Of  the  large  iinmlicr  of  metals  whirK  roulii 
raeiitioned  lii?ro,  only  one,  'ihiiniifiiini,  can  climn  our  attention,  sinctr  1 
Lon]|iounds  of  the  others  occur  so  rarely  in  nature  that  they  play 
impoi'tiitit  purl,  either  with  regard  lo  the  compoBitioii  nf  ihe  so 
crust  of  ihp  eiLfth,  or  through  apptication  in  the  arts  or  in  meiJidna 

J I II  mini  am,  which  dosa  not  oceur  free  in  nature,  fs,  in  its  nxyg 
compounil  iinil  ilunvjttivea  of  it,  widely  d istri Inited,  ami  is.  iifl 
oxygan  and  silicon,  tin;  thiiil  nmsl  frequent  element  in  the  eartl 
crust.  It  is  an  almost  iinfiLilirig  constituent  of  the  rncka  whi 
tonlnin  sUici'C  arid.  When  these  undergo  int'L-hanim!  and  ehemii 
disintegration  under  the  iiction  of  moisture  and  other  titmosphei 
inflUGQCG.?,  cituf  BenariLtDB  out,  whi<ili  is  a  compound  coiiUtining  Bilioi 
iind  aluminium  along  with  oxjtgeiiv  and  M'hich,  in  different  fonna,  i» 
chief  constituent  of  the  aedimenUiry  or  stratified  rocks.  The  teeiini* 
nppli cation  nf  clay  to  the  making  of  hricks,  vessels,  sml  niodirlb 
objwta  of  nil  kinils  is  stlso  vei'y  fiii|inrtnnt.  ! 

In  recent  yejira  the  metal  iihuninium  Iihs  heen  preimrcd  in  Ian 
quiintities  from  its  compounds  with  the  aid  of  the  deelric  currert.  I 
is,  as  ia  known,  a  white,  light  mctul  which  kcepe  well  in  dry  air  hutl 
readily  attiifked  in  wiiter,  I'spodally  in  siilt  water. 

The    remaining    very    ran;    )dkjdin<;    aiii'th    mutals    we    shall 
descrihe   Iiftru.      The    host   known    are   s^riim! iiuii,   ytliiutii,    Unilham 
■  mrtum,  neodijmmni,  pfiffodifininfii,  ijiteriiiam. 


The  Heavy  Metals 
I-  MtiFALs  or  THK  iHtix  Cwurr 

!i-)'ii  is  an  oiomcrt  the  propertiea  of  which,  oa  atcoutit  of  £1 
universal  use,  nro  wbII  known.  Jt  is  a  hard,  difficultly  fusihte  men 
which  rontain!3  unchanged  in  perfactly  dry  «ir,  hut  in  moist  iiir,  as 
under  the  influence  of  various  suhst-ances,  very  quickly  r»efs,  i.e.  foitfl 
a  conijiound  with  the  oxygen  of  the  air.  | 

The  soniowhiit  different  inoperties  which  iron  exhilnts  iis  cam 
iron,  wroHfiht-irwi.  iind  nXwl,  iite  due  to  the  preat."nce  of  small  aniound 
of  other  sulmtances,  more  especijiUj'  carbon.  The  propei-ties  of  puB 
iron  Figrce  moat  nearly  with  those  of  wi-oiight  ^nd  ingot  iron,  whict 
ttic  the  purest  commercial  kinda  of  iron.  j 

III  nfttlire,  the  fnonrr(;nto  of  iron  in  the  frlemeiitnrj*  bIaIo  ia  J 
cuptioaal ;  its  compounds,  however,  arc  uiiiversidly  diHtriluited  anc 
occur  in  htrge  quantities.  On  the  whole,  iron  occurs  loss  frequenllj 
than  Hluininiuni,  hut  more  frequently  than  calcium  and  msgnesiiim. 


ir 
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lUlhiHi^  iron  cumpoiiiidB  uix>  ^rtiiiBiit  only  in  isnmll  iimuuiit  in  lUo 
lal  iinil  vejwLa'jI'J  ')r,yjtiii«ni,   iUbv   «]ipoiir,    rifvcrihiilcfis,   In   jilnv  ii 

'  iiufK'i'Uni  part,  sitico  the  ii-'il  Wctxl  cui-jniRcies  of  tlio   ^'urti'luutw 

Mifnalt,  Ns  well  as  tht^  groori  ceUs  nf  a»!«j]iiilat.iiig  ]il;ir)ls,  vimtniii  iron. 
AtUed   to  iivii  nro  the  iicnrly  tcliitcti  clL'nj e^iiu  utantjuftr.if,  aiUilt^ 
and  uobcf.     Tliey  all  l>cli>rig  lo  the  less   fretjimiit,  nltbau^li  ii»t  rare, 
elements. 

JAm^MoK.  ill  thu  meiiillic  stnle.  grciitlv'  rcaumSleH  iinn,  mily  thiit 
rt  ru^U  *lill  more  easily  tlnui  llio  latter,  thereby  howoming  eiKkliil  «itli 
»  bbrk-l'iotkii  oxy>;t^i[  ciuijiQiniil.  In  tin!  iiiuLu.|[ic  sUilii  H  is  nut  niiU'li 
»ed  It*  compoiimJ  wttli  o-sy^cn,  pyn^liisire,  hawovcr.  whk'li  is 
mpliiyrd  f<ir  ibc  |jro(liietion  of  a  cnlmir  for  pottery,  has  x  vaiicii  ami 
OBfiortatit  »|i{ilic-3iion  in  the  at-is. 

I'wIniU  is,  even  in  muiat  uir,  niuch  mure  resistant  than  iron  and 
wiipnniir.  Imt  finds  little  .ipplicution  a>t  n  nictjtl.  Its  luoat  reniurk- 
aUa  property  is  lli.it  its  nxyi^ii  '-•jriiEiounii  dissolves  in  g\um  with  a 
dirt  Ma«>  (Toloiir.  It  finds  a[>|ilii'iiti(>ji,  thiMefore,  for  tliti  ])i'n dilution 
(4  ft  Utie  i-ot'xii',  rmlMklt  Miiv  or  midli,  and  also  for  ttie  culoiiriii^  of 
f)amwhd  [H>Ltfry. 

\ifhtt  is  still  \es.s  chang.anhh  in  the  air  thmi  cohitlt  iinil  is,  ihflre- 

(m^  Mod  fnr  niuViii^  iirtii^lics  intL<iidcd   to  ri'sist  hi>»r.  und  moisture. 

tt^Kli  mmAe  i)f    ullicr   metnln  arts  iiho,  ^-itli  ihi'  help  uf   thu  L'lcctric 

■'■d  with  iiickLd ;  ihtse  uicla-l-pliiled  iiriiclee  prueerve  thu 

Hirt?  iif  thiiL  HiBtAl,  sirici"  niL-kel  is  tdsn  fiiirly  liarfl  and 

v>ua.      In  thi»  tVu't  lit-s  tfie  inn|Ktrl.itiieo  of  thia  rtt^nient  as  regards 

I  a;<^iciiUoi]s.      Nickel  anni'vinid*  am  of  no  grcnt  ini purt-aiicc. 

XickeJ  mixwJ  with  pop|>er  mwl  zinc  forroa  Umium  filler. 

I   i.-  a   mqtal  vury  similar  to  iron,  imly  hardier  ntid   niortr 
Li  remains  <|titt«  iini-hiingi'd  in  thii  hIi',  liut  1!^  luiikily  iirtui'kml 
rvBuBiWrtif  li>tiii(la.     The  pure  hid tid  has  no  uppliuitinrt ;  iiddilion 
IcWnmifiui  Vj  Hi(*t?l  improves  Lht^  nteid. 

[■  nturc  it  occurs  chi<;tly  in  th«   form  of  nn  oxygen  coni|iuund 
■Ualwj  oontitin»  rron,  nnil  is  oitleil:  rhrumr  iromiimt. 

UfottiH  vnniTiw  comp'Jiinds,  ci^f   whicli  'hrtmik  acvi  &nd  j/olamuiH 
Lave  X   VAriisI  Application   in   ihe  uru.     Tlie  artiBtti'  coloim 
.ehrosw  >«*il<"i«  and  chtrjnie  red,  arc  derivatives  cf  chromic  iicirf. 
jUtttd  1'  :n  ill  their  cheniicnl  relations  :uv  M>verii)  m>(;talli(' 

,  •'■Mit*  ttl  1  __  _  .  _ .  .11  ivnce  sad  poMeeaing  iiy  great  importance  ;  it 
IWnil&cient  at  ihn  point  to  give  their  nan)ei<.  They  iire  mol^lt- 
^  htif/*/^  mnmnm.  ^m 

TV  two  metnU  niu-  nml  riuymtum  are,  In  many  respects,  relntml  fl 
'  lb  Bttjila  (4  l)i4-  iraa  grutip,  Imt  show,  on  the  other  hand,  a  certun 
itj  tu  uk^iMiBiaiiL 
fiw  u  •  w-cU-known  grny  white  lueul,   rather  more  resistant  f>  fl 
btti    infmor    to    this   in   diffieiilt    fusibility  ami  ■ 


tW  tir  tkui    irm. 
vcbftMsl   teiMcity. 


Aa   it  <An   Ixt   readilv  rolled   to  sbeeU  awl 
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aalilerad,  it  ia  applied  for  all  purposes  for  wliieh  a  not  very  ti 
metii],  Init  one  whifh  is  fairly  resislaiit  to  water,  can  lie  used  in  ! 
fonii. 

In  tiaturti,  zi[iL-  uccurs   uniy  in  the  furm  of  foiii|Toniuis,  of  w 
thiit  with  Bul[)Lur,  called  7inr  hhriiif,  ie  the  mi»sl  iraportjint. 

Ctidmritiii-  ia  n  [iLi;ta.l  which  ia  very  aimildf  to  aiinj,  only  suffer 
mofa  easily  fiiaiblc,  uiid  which  occurs  in  tiimill  moDUnt  along  with 
ill  ita  natumlly  occurring  [somponnds  or  ores.      The  artists'  CQ 
cAdiQtum  yellow  or,  shortly,  cji<imium,  ia  the  sulphur  compound  o( 
metal. 


J.  Metals  of  tiik  Coi'veb  (inoip 

Be  nioL^ls  hero  grouped  together  are  distirtgiiishQd  fi-oni 
preceding  ones  liy  a  greater  rosisCiinco  to  the  chemical  iiifliiencei 
air  »»d  water.  This  is,  certainly,  do  perfectly  wnivoreal  icharJMJt^ri 
for  while  stinie  of  the  memh-ers  of  this  ^'oiip  belong  to  the  I 
metals  which,  iindet'  ordirwry  circuni stances,  dn  not  change  at' 
othi;r9  beennie  more  or  less  .^iitckly  coated  in  mtiist  uir  ivith  layen 
oxygen  cnrapoiinds  which  destroy  their  metiillic  lustre.  The  actioi 
hoircvcr,  uaiiitlly  ['estricted  to  the  surface,  ao  that,  after  all,  a  f^ 
great  dunhility  with  rtspeet  to  the  dostrnt'tive  choniical  inflneiic^. 
present.  | 

Connoctfld  directly  with  this  property  ie  the  fact  that  thesa  ta^ 
can  be  more  r&adily  nhtJiined  from  tlieir  nalnrjilty  occiirriiij;compoli 
or  ores,  thait  those  previously  niontiLiried,  and  alao  that  thuy  are  en 
foumi  ill  the  free  aUite.  Iti  this  a.iid  the  next  group,  therefore, , 
melala  first  met  with  in  the  history  of  the  arts  iire  found,  and  i 
nietnl  mentioned  in  the  oldest  liternrj  moniiitientst  Ji-ud  uait^ 
rondei-ed  in  Kngiish  by  "  bronze,"  is  ;i  mixture,  the  chief  eonstiti^ 
of  which  is  L-opper,  the  typical  elenmiit  of  tliitt  gntmp. 

(.'(j/yi(r  is  a  mcLil  which  liris  been  long  known,  and  the  rose^ 
colour  of  which  ia  (outid  in  no  other  tnetal.  The  true  colour  of  cod 
ia  seen  only  on  freali  aurfaees,  since  it  qrtickly  tarnishes  in  the  j 
and  hecomes  covered  with  a  coatin";  of  oxygen  and  sulphur  compouii 
whieh,  however,  is  vary  ihin  and  attains  to  no  ^-eitt  thielciiess  ei 
after  iriony  yeai-B. 

Cojiper  is  an  exeellent  conductor  of  electricity  and  is,  thtrref 
used  for  fill  kinds  of  olt'i'tiic  conductoi-*.  Its  chemical  rcsistibil 
comliiiied  with  its  toiighuess  and  hi^h  melting  point,  give  it  a 
technic-al  applicability. 

Iti  riiiture,  metallic  copper  ia  not  of  rare  occuiTence ;  of  much 
freipient  occurrence,  however,  arc  its  comiiolind's  with  sulphur 
oxygen. 

Of  the  better-known  totiipoimda  of  copper,  ri>pj)f.r  H'Umi,  a 
crystalline  salt,  may  be  meiitioii*dl. 
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I^f-l  18  «  gjwy,  soft  metal  of  high  density  and  low  mclLitiK-jfoiiit. 
It»  frach  KirfsMs  exhibit  a  high  tnt't^illic  lustra  ;  tbty  tsiriiish,  huwover, 
'■>  ttmdily  through  taking  up  uxjgen  fr«m  the  air.  Tht'  L-oittiii^ 
thill,  «nd  thfl  k'.iil,  thereforft,  rssiats  further  deatniftititi  for  u 
iwy  long  Uaie.  li  ahows  a  similar  Itehavioiir  with  reaijcrt  lo  aumy 
mIkt  atucta,  CO  thai  it  is  indispenuible  in  t^bemira]  muiufactories  in 
*hick  com»ive  «a1i»Lanc;eH  are  prepared. 

On  mteoant  of  ils  grea-t  softneRa,  pure  lead  is  not  much  iiseil.  By 
■mdJ^^  it  with  olhrr  tneUils  it  can  lie  miiHc  hnrder,  wilhoiil  it^  lofliiig 
in  riirmical  mistilitlitv.  Il  is  also  used  fnr  ccnting  other  meuilB. 
iflttKlly  iron. 

Il  tmun,  bad  occurs  chielly  in  the  form  ot  a  eulphur  compoutiil, 
»tcfc  »  cklkd  yo/nvt,  *nti  ia  the  most  important  lead  ore. 

Itad  conpcmnds  are  larg«lv  used  in  the  nrts.  fAthirQi  is  iii 
•«ygen  rompDund  ;  it^r  of  UtrJ  a  compound  with  .icettc  a<:id. 

jW  Invl  compounds  act  on  organicma  an  ciiiniilntive  prtiAona,  i.e. 
4»  tfaeu  of  maU  uaounta,  irbicb  singly  arc  not  apprt^iaWe,  are 
mM  aad  nitiinately  produc*!  very  serious  eymptoioB. 

Howlj  reUwd  t«  loul  in  many  respficta  is  the  rare  tneta]  tMUam, 
*k)r^  io  oiber  re^Kctx,  i&  aili«d  to  the  alkali  nieUls. 

Mrrtwr^  )i  %  m^ial,  Itqidd  at  ordinary  t^mperatorcs,  which  aalidlfie* 
«  -  J*'  C  sad  bofl*  At  •-  357'  C.  It  lKlon|»  to  the  noWe  metalk, 
net  it  pretCfTes  iu  hrigtit  suriace  in  moist  air,  i.<,  it  d'rfa  not  Mfn- 
Nm  «itii  iIm  oxygen.  At  a  higher  temperature,  howevtr,  combina- 
tim  takes  pbet  (|k  39^ 

BksBg  Um  ocilr  ncta)  which  i«  li<{nid  at  ordinarr  t«mperatarea,  it 
k  aUlljr  CBplurM  (or  pbyiical  ^ppttTitiM,  mcb  »  thenaomeC«n  and 
hw^Ltuit  Slid  f(r  other  parpMca  in  Ledmica]  Bcicnee.  lis  utility  b 
pattl}*  wih— B8j  by  iu  MiiehaiigeaU«Dcw  in  air ;  itA  high  densitr, 
41m,  w  oarfid  for  aoiBe  poipoit* 

la  tatotv.  It  oeevn  la  tlw  free  aat«,  bat  chiefly  as  a  sdIjAut 
wapiOML  Tliis  is  ndlod  dammUa-,-  the  arttsu'  colonr  of  the  cUBe 
■■t*  ■■  ipaoaOy  pure  nlphade  of  metvary,  vbidi  is  OMiallj 
«1iicHDy  pnfmni.         * 

Ike  aalnkfe  Mirwirj  iOM|Wiii  act  as  powerful  poMons ;  they 
Im  •  wide -apfJiettaDM  ia  ■adkhwi 

JBW  K  a  wkiu  BsUl  whiA  is  boC  affected   by  oxygen.     The 
iTatr  wUt&  sAro'  objeeta  eoaetioies  exhibit  u  due  to  tha 
of  a  nifikmf  T— "■*  ihraNgh  the  actaoo  of  air  conlaiwhig 
vtfhB^orflj  c«bcr  aBJ|ikanaa  «^«taacca- 

On  araaaai  vt  ito  i«iM|Mialinlj  nre  ocnmnee,  stlTcr  bfiwp  t» 
Uf  MR  Ml  !■■■  -  ^-'- ;  ■■  lUe aad  ott  it*  wnrhiigaabl—iji  itt  mt, 

as  a  Matal  lor  "'*— gr 

la  MtaVK  d*«r  aesMn  partly  tn  ibe  BMtalbr  «SAt«  aad  fMtly  as 
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compiinttively  high  tem ijeratiires.  Tin's  view  would,  howDver,  n 
tinite  11  cori'fiot.  one.  On  making  the  jippropriaLQ  iiivesti^tio. 
t.eiii])cr4Uiire  ciwii  be  found  at  which  eombuation  jiist.  liogins,  a,ml 
ihat  below  this  point  no  (iumbiistion  takes  pluce  at  all.  On  the 
trary,  we  wa  tlwiUng  hurt.:  with  a  tci-iLiliiiil  transition. 

L'orubuBl.iblL'  sulist'tnccs,  therefore,  combine  with  oxygen  i 
tflmpcrAtnrea,  bnl  "•ilk  irrij  differenl  vdiKiU-^-i.  The  higher  the  ten: 
ture,  the  more  rapid  is  tha  (;oniliinaUon  ;  on  the  other  hand,  n 
tennherfttui't!  falls,  the  process  hecom-es  slower  and  soon  (liminist 
as  to  he  inapprccinble. 

*  o4.  Slow  Oombuation.  — A  bcnly  can,  accordingly,  Xxig 
combine  with  oxygen  iit  ueruin  nicdhiin  teni |»enttiirea,  without  u 
fire.  Ignition  occurs  only  wh<in  the  beiit  devttopcd  in  the  C'tnbu 
r;i.iae3  the  ailjjacent  portions  of  the  body  to  sucli  a  high  temjier 
tbit  these  alao  burn  with  sutRcient  nipidity.  Tho  tomperature  I 
theae  Adjacent  parts  attain,  <lepends,  on  the  one  hand,  on  the  an 
of  heat  <;onvoycd  to  them  by  the  combuBtion,  and,  On  tho  Other  1 
on  the  amount  of  heat  whidi  they  lose  by  conduction  and  radii 
Not  until  tht:  former  exceeds  th*  latter  to  such  n-n  extent  tha 
lemjtDmtiM'e  of  rapid  combination  is  attained,  can  this  rapid  combu 
take  place.  Fr^m  this  it  follows  that  ignition  or  the  itiitiatic 
an  independent  comliUSLion,  depends  quite  as  much  on  the  form 
distribution  of  tho  subfstaticos  as  on  theii'  niLnro,  as  onr  evorj 
expenent-e  with  regard  to  the  ignition  of  combustible  suhso 
teaches  u';. 

So.  Influence  of  Temperature  on  the  Velocity. ^Tbe 
ihut  tliu  velocity  of  chomjcftl  processes,  i,f-  the  ratio  of  the  am 
transformed  to  the  time  renuirud,  mpidly  incnwisea  with  rising  tein 
ture,  is  quite  universal,  and  is  vuliil  for  chemical  processes  of  all  )t 
We  have,  further,  no  ground  for  aiippoeing  that  any  chemical  pp 
winch  Cukes  place  at  a  higher  tcmpLAfiiture,  cannot  take  place  at  a  l( 
If  we  do  not  note  any  tranafonnation,  it  may  ha  because  it  takes  ] 
toi»  slowly  for  our  obsepvatioii. 

Tho  stock  of  poal  in  tho  cellar  burns  while  it  is  storoJ  in  the  c 
just  as  when  it  is  in  the  firo  ;  only,  in  the  former  case,  with  so  i 
slowness  that  wc  can  detect  no  difference  even  afmr  Bcvcral  ymr« 
large  iinanticles  of  coal,  liowever,  are  stored  under  euch  condi 
that  the  diesifintion  of  the  lit'iit  developed  in  tlie  slow  combnati 
prevented,  the  temiierature  rises,  tiie  process  is  aticeluratod,  and 
becomi-  so  rapid  that  it  passes  into  vij^'urons  combustion, 
phenomenon  is  called  the  fjuitihuu-i'iis  iiini/iuii  of  euid.  I 

5C>.  Physical  Properties  of  Oxygen— To  duitrmine  the  M 

of  oxygen,  one  must  dt'torniirie  tbc  weight  of  a  given  amount  and 
volume  occupied  by  it  (p.  27).     The  hitler  can   be  easily  done 
glass  tube  graduated  in  cubic  centimetres.     The  weight  is  less  eai 
determiae,  as  oxygen  ia  very  light,  and  the  determination  of  its  vri 
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b  iIk  iugp  vessels  neccssury  causes  clilficulties.     We  adopt,  iherefftre, 

P'ocusititii  chlorate,  as  we  Imon',  evolves  oxygen  on  being  heated. 
lo  tiw  Teaael,  a  white  eiibatiincK  ri-Mniiins  Ijeliind ;  a  fiirl-her  siiliBtuiice 
i»  not  piijduced.  If,  Lheiofoiv,  tliu  u'oi^ht  of  the  |H:iC;i^sJum  chlorsite 
i*krti  for  the  «X|>t.-riiiii;ut  be  dttfrniinecJ,  and.  afterwards,  the  weii;iit 
of  tit  rc&idue.  tlie  difl'ereiicti  is  equal  to  the  weight  of  the  oxygen 
cndwrf.  If  tbu  is  collected  iii  a  suitable  Bieaauriiig-vessel  (Fig.  12), 
ib  nlume  can  ha  re:id  oA'  and  its  density  calculated  by  the  formula 
i=iit.  If  the  ex^'crimont  is  performed  with  1  gin.  of  potussiuDi 
fUmrwe,  it  U  found  that  after  complete  decomposition,  the  oxygen 
<|«h^a],  oQ  covliD^   domi    to   room   temperature,  oectipics,  in  roiuid 


-1 


W' 


iv>.  v;. 


290   cc.      Tbo    loss   of   weiyhl   of   the   |>otasBiiiia    chlorate 
■ti    to   0-392    ijiii.,  and   the    density    of    oxygen    is,    therefore, 

jjj  =0-00135. 
iJ.  Normal  Temperature  and  Normal  Pressure.  ^This  re- 

•h  M,  b(jwi?\ei,  ii'jL  >et  dcliiltd  witit  Mitticient  i-siiL'tnoas.  Tlie 
'^tanw  occu[iied  by  a  gas  depends,  in  Inrge  measnre,  on  tine  presBUie 
"  leiBfwniturr.  iind  values  for  the  deTiaiiy,  varyuiK  witliin  wide 
wilj,  thrreforc,  ^i^  obUiined  «-hen  the  doturminiitiion  is  per. 
'  ■  nnt  conditions.  An  a^eeuient  hiie,  therefore,  lieen 
X.,  .  ,  _  ,mI  to  a  uwm^d  teinpemturv  Jitid  a.  iwriiud  jtrenxnif.  nl 

•Web  tin  dt-n«iie8  of  gftses  ahttU  In:  determined.     As  normal  tciBpeva- 
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ture  the  melting  point  of  ice  is  taVeii  ;  on  tha  centigrade  thermom 

this  point  is  marked  0",' 

As  normal  pressure  tliere  has  been  adopted  the  vieiiH  atnwsi 

pivsxurc,  which  is  taken  equal  to  the  pressure  of  a  column  of  mei 

76  cm.  high. 

Since,  however,  the  doneity  of  mercury  is  iilsu  dependent  01 

temperature^  we  must  add  that  the  teniperanire  of  ihe  mercui'y 

b«  0"  C.    Th&deuaity  of  mcrcurj-  is  then  c^qual  to  ]3'5&5  ;  1  cc.  wc 

thercforo,   13-595  gm.,  and  a  column  of  1  srj.  cm.  section  and  7( 

high  veighs  76  x  13'595  =  103J-:2  gm. 

The  pressure  of  one  iiCniosphcre  is,  therefore,  equal  in  efft^ct 

weight  of  10.t3  gm.,  or  rather  more  than   1   kilogm.,  on  an  «n 

1  sq.  em.- 

56.  Boyle's  Law, — Tlie  volume  occupied  by  oxygen  gaa  cann 

always  determined  iit  0'  C.  and  u 
atmoBplieric  preasJire,  and  the  d 
miiintioi)  made  mider  other  coudi 
must  i>B  appropriately  reduced, 
tliia  purpose,  i\  knowledge  of 
behaviour  of  oxj^gen  Ut  chang( 
2'ressiire  and  Ij-inpi'-nUure  h  necessa; 
A  kiiowleilge  of  tha  first  iH 
tained  by  nioiuis  of  the  appju 
shown  ill  Fig.  13.  The  oxyge 
couLiLineil  in  n  graduated  tube, 
lower  end  of  which  pfisses  int( 
indianihber  tube ;  to  the  other 
uf  this  a  movable  vesBcI  i^  attai 
Part  of  the  meafiuring  tube, 
iniiiHriibbor  tube,  and  the  V 
arc  filled  with  mercury.  The  p 
un-  under  which  the  oxygen  st 
ciLii  be  altered  by  raising  attd  low( 
the  vessfil.  The  volume  occo 
'"'"'■  '^-  by  the    oxygen    can   ho   read  tA 

the  grAdunted  tube.     The  pressure  in  cm.  of  mercury  is  the  ' 

'  III  Great  Brilniu,  for  tlit'  iiiirpones  of  daily  life,  tljeriiuiiiii;U'r»  wilb  tlie  Ftljii 
Hcnli;  jire  iifeii  On  tliia  scnle  tit  inehing  piiinl  of  ice  is  marked  32°.  One  degl 
ihe  Falituubtit  fl<rn!*  i«  «(]nal  to  ||i)ii>  of  k  Jeari'c  i<ii  tb«  ■ceiiti^Taile  stulr.— Tr.  1 

'  Since  tliv  Wvk^llt  1^1  ^x  giViiix  fiiioAs  viLtiv^  .sDJimv^liiit  ivitll  tlj<?  lf>C-lJitV,  thff  IB 
{ireasura  'li^lhii!<l  ;iliovii  i<<  nJno  Hiihji'ct  tn  thf>  i^tiit  vikriutibi),  ]ii  ciim»  of  trroatetj 
De$H  It  In  ajisiiiuv'l  Umt  lliv  weight  -iltli-riiiiiiiilioii  ie  innAv  ol  Mfa-ltviil  »sd  in  thA  li| 
of  ih'.  or,  tbiLl  tht-  ii<^tenuiuatJOii,  wLen  niiulo  (•iMit'ljeriv  is  recolculntad  t<i  tlieM 
niitioiis.  I 

Tin;  wloptioo  atalisoivU  uni'e*  UBtill  betl«r.  Sinfe  t!i«  forM  witb,  wlicb  1  grtt 
iiL  conflwiiH'iir*  of  grBvitntiini.  is,  nt  sua-lanj  aii,l  in  Isiitudc  46°,  ciiijal  iti  ft 
nbM^luCu  iiuibt  (p.  !^-l},  i(  follows  \hat  Ilic«  prc^-Mizv  of  llie  atUJOVpLcri.'  is  h|| 
980-rj3«]nsa-2  =  I.«l3,130.  or  Very  nujif  1>-  10*  ahsolutt  ittitf.  A  eoluhin  of  uiurol( 
{miteMl  of  76^  cm.  hi(;h  would  pve,  sIuiokI  exMtU'.  10°  aK^oluti^  aaHn   o(  pressan. 
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ni  tbi  uci^Riftl  iitmi'>5jihenc  pressure  ^hdgllt  uf  the  bnrumetsi*)  and  the 
dilllareiioe  of  levt-l  of  tlie  two  surfaces  of  m«rcury.  Tin's  iliff«ietice  of 
lerdtttohcTvekoned  with  negative  sii;»-n'heii  the  outer  laei'cury  surface 
iCuik  lowrr  thaji  that  which  hounds  the  oxygen.  A  number  of  corre* 
■pmding  vtiines  of  vohimt!  anti  preaaiire  ure  in   this  wuy  .i'Cti.'rmiiied. 

Bf  means  of  aiich  measurements,  which  huve  boen  earned  out  Ijj 
ttnniis  i>h}rsicists  with  groat  tar«,  it  has  been  found  that  a  very  fiimple 
itbtiaD  rxisls  liotwcen  preBsiire  and  vohime.  Denoting  any  two 
pwuiu  by  ji^  ajid  jj„  iiiiii  the  coiTeapontiing  voluiuas  of  oxygen  by 
r,  lod  fj.  ihtf  formuht  holds,  i', : /^  =  r^ . ',,  or,  j;t-f  - p.^i^'-j-  The 
jiiwuiM  arp,  therefore,  iiivermily  propu-rtional  lo  the  volumes,  or 
itpmiacil  of  all  ctirrrspimdinr)  mhirs  of  jn-r\'<surr.  a-jui  nlumc  arr  a/udl. 

Tit  law  f'/ttiui  lirre  for  "Xi/gen  pas  is  no',  pumli'ir  to  Ifiis  snintitnci',  hut 
Ml  Nf«a//y  /(w  lUi  ut/irr  giute-t.  It  waa  discovered  in  16G0  by  IJoyle, 
wA  u  called  ait«r  bitn. 

.19.  The  Law  of  Gay-Lttss&c  and  Dalton.— Presaure  is  not 

tia  cnJr  ciri'miistarioQ  whicli  iitHiu'ni:L*s  tlit!  vobiniH  of  a  gas.  The 
tvlniiiv  (;luirig<M  'iIbo  with  the  f(iri^>rr'ifurr,  jucrefising  and  diminiflluilg 
ID  ilie  taiaa  s»-ii»e  nx  tlie  i.empemture  risRs  and  falla.  To  determine 
li<  aauant  wf  this  thiuige  it  is  necessary  to  choose  aiiothiar  fixed 
a»f<nttire  besides  that  of  melting  iee.  Ths  tenijwnitii re  of  boilin.L' 
wMr.  »Bd.  Hiiice  this  tlmn^e-?  ivith  the  pres.'turc,  th*  ti>iupemtm-e  of 
**'■■  '■'".:  uiidt;r  :i  pra^siireof  one  atmosphei'e  (  =  76  cm.  mercury) 
U'  .  -     ■   -  ■■  ii  it  le til [ju rati  11-0. 

To  ottuuri  the  amount  of  the  chiinge  ol'  volume  between  these  two 
UapctaUtnM,  we  use  the  sarae  apparatus  :ie  was  employed  in  demon- 
Miubg  Boyle's  l»w  (Fig.  14).  The  gmiluated  tube  containing  iho 
•X]F^peti  ift  stirroutided  witb  »  glni^s  mantle  in  which  are  pis&od 
mat  uul  pieces  of  ice.  The  oxygen  soon  iissnuies  the 
iMiJMntare  of  lutilting  ice,  und,  tifti^r  iha  am<^r  vmscl  has 
Wn  Ml  pls«««I  ihut  the  two  lULTCury  suifiict-s  stand  »t  »n 
epJ  b*t^t,  tbo  volume  occupied  by  the  oxygen  at  0  C.  sind 
nkr  the-  thc^n  existing  atmospheric  pressure,  can  be  read  off. 

tbe  i<e  is  then  removed,  ami  in  its  plaee  steam  is  passed 
tkiu^li  ibe  iniiiitle.  The  vohinie  of  the  oxygen  increuses, 
■■Abxirinf^  :igain  brought  tiie  two  mercury  surfaeea  l-o  the 
•i^fbrtght,  we  caiu  read  ofi"  the  voliiuu*  which  tho  oxygcu 
■iiifiw  under  tb^  same  pre^iiro  as  befoie,  and  sit  the 
toqiamtun!  of  Ix^ilin^  wiitcr,  Kxact  metisurements  of  the 
o(  cluiiigu  show   thut  the  volume  hiia  ineruHSi'd  lu 

iymfwrtion  I  ;  1:167.  > 

^71"  Ttiatitm  iim  "l.i'i  [ip'iyii  U>  hf  n  iinirtT!>"l  liiw  mliil  fm-  .r^ 

The  numlwr  obtiuntHl  le,  thon-f-iro,  the  exprcBsiort  B 

Flat  jiroperLy  of  o.vyjon  but  iif  ;i  marciMi  iivpcTir/ 
1  c/'t/f,     The  law,  that  all  gji-sea  expurid  liy  the  same     *''^-  "■ 
Ijctween  corresponding  tempera-tures,  was  discovered  simult)iu\e- 


Ife 


Vn- 


PRINCIPLES  OP  INORGANIC  OHEMTSTEY 

oualy  by  Dalton  and  G-iiy-Litssac  in  tlie  year  ISOl :;  it  is  generally  oal 
after  the  latter.     In  BymLols,  the  liiw  can  be  fomiiilateil  lhii3  :^ 

where  tt  's  the  volume  at   the   temperature  t,  r„   that  at   the  melt 
point  of  ice,  hikI  a  the  hundredth  part  of  the  eximnsion  between 
melting  point  of  ice  (0'  C.)  and  thL>  hoiling  point  of  water  (100"  j 
In  numbers,  "  =  0-00367  or  1/273.  I 

This  formnl.i  gives  ihe  eipjinsioii  starting  from  the  temporaturil 
melting  ice.  Th  obtain  the  expansion  between  any  two  tGmpcrn.t1l 
t  and  (',  llie  above  formula  ig  applied  to  bnth  1emp(!ra.liiriL'B,  and 
eliminated  from  the  two  eijuatiQiis,     There  i&  obtained 


Hal' 


=  I'.,. 


Friim  this  it  is  seen  that  the  \"ohime  observe*!  at  temperature  I 
reduced  to  the  volume  at  normal  temjieratnre,  'I  C,  hy  dividing  it 
the  C[uantit3'  1  4  (u(.  1 

^'  It  mUet  be  specially  emphasi'Sed  thttt  the  quantity  «  is  j 
hundredth  p:trt  of  the  ex})anaii>n  of  unit  volume  hciween  the  melli 
point  of  ice  and  the  boihng  point  of  water,  and  not,  let  US  I 
between  any  one  temperature  and  another  100"'  C.  higher.  As 
weily  be  seen,  the  value  of  «,  the  aieffifknf  uf  rj-ptiiDiim  of  ^f'<Sf$,  wo 
he  dependent  on  ihe  choice  of  iSje  initial  temperature, 

BO.  The  Temperature  Scale.— Since  the  expansion  by  beat 
the  same  vahie  fi>r;tll  gases,  independently  of  their  nature,  the  cha 
of  volume  of  gasca  fs  used  for  temjieratHrc  dlvisi'Ona.  Tho  tempi 
turi;  of  melting  ice  ia  called  zero,  and  that  of  water  boiling  ua 
atmospheric  prosaure  100.  This  [-ange  of  temperature  is  divided  j 
a  hundred  parts  or  deijref^,  which  are  assumed  proportional  to 
change  of  voliunu,  To  disti^iguiBb  this  graduation  from  others  vf\ 
are  aUo  used,  it  is  called  tha  centigrade  or  the  CeUiiis  scale,  am 
denoted  by  C, 

Let,  then,  the  volume  of  a  |,'ivcn  <|iiantity  of  oxygen  or  of  anol 
gaa  contained  in  a  tube,  he  denoted  hy  0"  <.',  (Fig.  15),  the  volumf 
the  boiling  point  of  water  mil  be  defined  hy  the  spot  nmrked  100°1 
and  the  volumes  oe.  and  m  will  be  to  one  another  aa  1  :  1'367.  ^ 
length  <■?  is  divided  into  one  hundred  |mrta,  and  each  of  these  plj 
denotes  1"  C.  Such  a  tube,  in  whieh  the  gas  is  endoscd  by  meaiie  ofi 
eaay-raoving  piston,  and  whii;h  is  gritfluatod  in  the  manner  just  deacrinl 
could,  evidently,  Iw  used  aa  a  theri)uynie(fr  or  measurer  of  temperatiH 

61.  The  AbBolute  Zerc^The  temperatures,  however,  which* 
met  with,  are  not  contined  to  the  range  between  the  molting  poiai 
ice  and  the  boiling  point.  Beyond  the  Utter,  wo  can,  evident 
extend  our  thermometers  indcfinituly,  for  there  is  no  evidenee  tA 
limit  for  higher  temperatures. 
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TonmJs  the  other  side,  however,  nnr  Uiertnonieter  is  limited,  for 
nm  lulitnurt  ciiily  a  iJctiiute  Dumber  of  dogreea  hefure  ruiichiiig  iUl' 
iwu[wii!i  of  Tiihinm.  This  number  can  bo  calculated  us  follows.  If 
»»l»iko  thp  vclume  w  =  1,  the  volume  es  =  (V3fi7  ;  one  degree  is  the 
builncitli  juin  «f  this  ;  its  vuIiiiih>,  therefore,  amounts  to  000307, 
iHiiMp  oiu  eubtfTicU  in  the  direction  of  o,  only  as  mmiv  degrees  as 
ih^  numUr  of  tiiues  this  fraction  is  contained  in  the  unit.  Now, 
[  a^HJ.tC"  =  273  ;  if  we  couM  lower  the  tempera, tiirc  273  hclow  the 
ultiu};  paint,  thu  i»xygeri  or  any  other  gas  irmst  occupy  the  vohime 

Ai*ri  trom  iht-  liicl  tliat  all  jiaaes  lii|iitify  before  this  conilitioii  is 
laArA,  such  ;*  low  temporature  hits,  ,is  a  matter  of  fact,  never  been 
puhind :  lh«  lowest  iwiiit  which  has  been  reached  lies  at  21jO 
Wo»  ihe  nvelting  p&iiit  of  ice,  ttd')  the  ihcreaaing  dittieullies  of 
tioctodin^  lowwr  make  it  (juite  imprnhiiblc  that  the  point  -  273"  will 
"wtx  fwacheJ.     This  point  is  cilled  cho  nfimihili-  ri-ro. 

fll.  The  Absolute  Temperature. — The  flosignaiion  of  the  tem- 
peitiin  of  melting  ico  by  0  C  n-sidte  in  thi>  tempera tura**  below 
lb  iavin};  ni'ga.Live  values.  This  is  iiot  only  btHh-  €> 
tan,  Wt,  in  a  certain  sense,  inconsistent,  since 
ffifcrni  l*inpemlurea  never  have  the  relation  to  one 
uiKiirT  of  [>U!ijtive  and  negative  magnitudes  in  the 
attbeoMtical  ecnsc.  In  sL-iertce,  therefore,  another 
Btthod  of  pwkonins  the  temperature  has  come  into 
Mt  Ai  aero  there  h  taken  ihat  unattainuhle  tern- 
ftaout  273  C.  btlow  the  melting  point  of  iire,  and 
tkt  luBptrattire  ia  counted  from  that  point  upwards, 
wh  tiie  mme  degree  divisions  as  in  the  centigrade 


BaodM  the  piin  of  entirely  avriiiliiifj  negative 
MfiniuTV  uiimlier!>,  thero  is  the  further  advantiLge 
lial  »itli  this  niL'lhtHJ  nf  reekuniiig,  thi-  law  of  ex-  „ 
IMMn  of  gnsen  aasiimt^A  an  es)>ocially  simple  form  ; 
dvnfaM  UrnnKX  inmjily  propi-rl iimal  to  Ihr  tfvtprnitwf. 
If  to  nilusie  IK  of  our  gns  thermometer  (Fig,  15)  ia 
iliiM  i&Ui  i'73  parft,  and  if  this  graduation  is  coti- 
Bmd  DpwanJe  to  any  extent,  the  vulunie  measui-eJ  j- 
■  Am?  uiiitjt  givT<s  directly  the  miTu^^iical  value  of 
^  >nipcnture.  Tho  ICnipcratnre  measured  in  this 
Mimcr  u  called  tlie  iifiwliiir  tfrnperatuvi',  in  contra- 
(fMiDi:ti<Mi  to  the  ffniirfr'nlf  temperature  reckoTio<l 
imn  ■'  ■  '"'*ing  point  nf  ice.  The  rolaliion  between 
!■*  vcrysimpte,  for  the  iibsolutu  degrees 
il  Ut  1:73  units  in(>re  than  the  ceHtigradc  de;;p-eea. 


^T 


fc^T 


Fm.  Ifl. 

If  the  former' 


«I  by  T  Jtnd  the  latter  by  '.  we  hove  the  relation 
T=273-i, 
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into  coiilacl  with  tlie  gns.  We  rciiefil  tlie  expepiTiieiil  with  the  gas 
ohUiilieil  from  polni^siiini  chl*»i"i(U'  ami  abserve  the  same  phenomenon. 
A  glowing  Mtxxl.cliij)  is  a  migmf  fur  oxygen^  and  the  rmdmi  L-onsiats 
ill  ite  iritliiLtnihg. 

40^-  Explanation  of  the  Oxygen  Beaction. — Since  the  com- 
bustion of  wiinil  in  ;iii'  t:tki'ri  [ilire  nl  tho  totit  of  the  oxj'geii  therein 
crmuincil,  the  iiUL'siion  nmsl  l-ie  asked  why  t!ic  phfrionienmi  has  such 
Jill  esseiitiiUly  (liliorunt  asimct  in  pure  oxygen  from  that  in  Jtir,  The 
anawer  ia  aa  follows  :■— 

WliGii  the  woflJ  hnrns.  a  certain  amount  of  heiit  is  produced, 
which  serves  to  hnd  the  j;iieL'ona  products  of  coinbnstion,  itrid  the 
highpi-  the  Lemperatiira  thereby  rises,  the  hrighter  will  be  the  light 
enittLtMl  »iid  the  more  ivipjil  ttill  bu  the  coiuliuslion.  \\  hen,  now, 
the  eombii-stion  tjikt's  pliicL-  in  nii\  not  only  must  tho  prodiicls  of 
romlmstiun  In-  raised  in  tcni[ici-atnic  by  the  hent  prodiu'ed,  Imt  alao 
the  nt/r«;7("» which  is  contained  nlongwith  the  oxygen,  in  four  limes  its 
Kiiioiuit,  in  the  »ir.  On  iicconnt  of  the  miicli  gieutor  iinionnl  of  3ub- 
BlJiii<;u  to  be  healed,  the  temperature  does  not  rise  so  high  in  the  case 
of  lombuetioiis  in  )dra»  in  pure  o^fyj^eD,  and,  therefore,  the  phenomena 
of  L-oiubUBtion  are  nmch  less  energetic 

This  rcaidt  of  ont  conhidenilion,  obtained  de^UK'tivoly  (]>.  40),  can 
,be    tested    liy  mixing  pure    oxygen   with  oilier  gases  whicli    neithot, 
»iirn  nor  6n|>iJort  conibtistion ;  us  a  mutter  of  fatt,   the  vigorousnca 
the  combn«tion  Iwcomes  less  in  such  a  mixture,  aiid  if  tho  propor 
ion  of  oxygen  in  it  is  very  small,  no  combust iou  at  all  t-An  L*  brought 
iihout  iu  it. 

hi).  Combustion  of  other  Substances.— It  foUow$  from  the  ex-J 
pljinatioii  jiiHt  given  that  other  siibatJvTices  idso,  iihich  hum  in  air,  ivil 
uxhibil  th«  pliunomena  of  combiiation  much  mi>r*i  vigoronsly  in  vxyg^t? 
And  fltill  finther,  one  must  expect  that  substances  ctin  exist  which 
caniitit  be  nuLd-i!  to  burn  vigorously  in  air,  becnuse  the  requisit* 
Wmpunitnrfl  ia  not  rewtlied,  but  which  ciin  burn  rijjoronsly  in  oxygen. 
Expericiiee  coiiiirrnti  Ixilh  conchieions, 

Thi'  hiHt  |ihenonicnon  is  seen  in  the  case  of  siilpliiir  und  phoa- 
phonis,  Siilplinr  burns  in  air  with  a  [miIb  blue  flame,  eearcely  visible 
in  ilajlipht.  If.  however,  the  burning  sulphur  be  introduced  on  a 
lonK-s-tflmmed  imii  spoon  into  a  bottle  of  oxygen,  it  JiareB  up  vigor- 
aiuly  ami  mpidly  biirnf>  with  a  bright  bliti)  flame. 

'I'hi^  .iitfi'iunce  i»  seen  still  more  clearly  vvilh  phosphorus.      A  piece 

u(  iilwinihiMii>  plawl  in  a  Bin»i!.-ir  sption  and  ignit^eil,  bnrna  in  the  nir 

v'fCa  A  y  olid  wish- white  Hanie.   similar  to    that  of   a  cjindle.     If    the 

tpwii  W  loWi'Fwl  into  oxygen,    ihe  bottle  forthwith   liecomes  fiUiHl 

wsl\i  n  nuis-Viijht  li^hl. 

'A.  Oom'bUBtion  of  Iron. — A  substance  which  cannot  be  ea-sily 
lunAi*  lo  burn  ici  air,  is  irvn.  When  a  piece  of  iron,  a  watehspring  for 
rum^iU',  in  htsalt^'l  in  iiir,  it  ceilaniL)  eumbines  with  the  OXygiin,  ttml 
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tbe  compoiinti  prLHhicwl  cojita  the  iron  as  a.  grey,  brittle  mass 
which  lirealia  off  on  hpiiding  the  iron.  Il  dots  not,  however, 
cuiitiiiiu-  burning,  and  it  is  only  vrlwn  aniall  purticlee  of  iron  am 
scsttei'L'd  in  the  tiame  that  they  cau  l}c  heiLtcd  su  as  to  biu'ii  cntii'uly 
(p.  34). 

The  combustion  of  iron  in  oxygen,  however,  takeit  place  much 
more  rcndily.  A  thin,  steet  Wivtch-spring,  to  the  end  of  which  ie 
attached  a  piece  of  toiich-wiXKl  ur  Under,  can  be  bnrned  in  oxygen 
like  woofh  First,  the  (^iowin;^  tinder  bursts  into  a  vigorouu  flitme, 
wheivliy  the  end  of  the  watfh-ajiring  Ticconies  whitts-hot;  tlen  the 
iron  begins  to  bum  with  acinlillatiniia,  and  the  prwlnct  of  combUBtion 
falls  down  from  time  to  time  in  the  form  of  a  while-hot  slag.  To 
prevent  this,  crjickiiig  the  gkss,  it  is  well  to  till  the  bottle  o«e-thinl 
lull  with  vrattT. 

5'i.  Oxides.— Almost  ail  the  eheniica]  elomenla  sre  eapiiblu  of 
sririj;  into  combination  with  oxygen,  and  of  forming  new  aubetances 
with  corre.'^ponding  inereaw!  of  wtiighl..  From  the  Gieek  name  for 
oxygen,  oxygtumt,,  its  tom|JOuuds  with  other  elements  (and  also  with 
some  compomi'l  Buhjstances)  are  cjilled  <'j-ii!fs.  Thua,  oxide  of  mercury 
ia,  OS  we  have  alreaily  loametl,  a  cumjujunJ  of  mercury  with  oxygen. 
In  natiii't.',  ojcygen  and  its  comjiounds  have  a  very  larga  distribution. 
From  ila  otcmrence  in  atmospheric  air,  which  eurroumls  the  whole 
eiirface  of  onr  rairth  and  penetratfs  into  all  its  interstices,  il  follows 
that  those  sulMtanceJ)  which  am  form  compQimd»  with  oxygen  at  the 
oidinary  temperature,  must  havu  done  .so  to  a  large  extent  in  the 
cotirse  of  the  centuries.  This  ib  one  of  the  causes  of  tbe  wide 
distribution  nf  nxvfif^ri  (.■oniiininiil,*  in  nature. 

£>3.  Tbe  Exi&teDce  of  Combustibte  Substances, — Combustible 

mib«tani'es,  i.e.  substances  capable  of  combining  with  oxygf  n,  are,  nt'vcr- 
theleea,  preaont  in  large  amontit  in  nature  in  the  nnburnt  condition, 
and  the  qncetion  arisea,  why  these  have  not  lieon  burnt  up  long  ago. 
Thua  a  piece  of  charcoal  or  of  sulphur  can  lie  exposed  to  tlie  air  for 
je-arfi,  or  inrleed  for  centiirii-H,  withijut  apparently  under.£;oing  coui- 
liu.<tion.  Thai  this  may  tnke  pk;;e,  the  sulphur  must,  be  upiited,  tuid 
we  h;xve  to  ask  what  fresh  ctrciinistjuice  ia  thereby  introduced. 

K  Igniting  conaistB  in  heating  one  spot  of  the  combustible  J)ody  to  a, 
Diparatively  high  temperature  (aomewhere  fibout  oOO'  to  600°).     It 
i]uit«  indifi'erent  in  what  manner  the  heating  is  effected^  the   tem- 
rstuic   And  contact  with   ajty^a  are  ulone   of   importance.      Th^ 
heated  part  then  bo,y;in8  to  hum.     An  amount  of  heat  is  thereby  sot 
free  by  which  thtt  adjacent  parte  of  the  combuatibic  substante,  in  their 
^ttirn,  are  heated.     Oumbustion  passes  over  to  these  parts,  and  bo  the 
^^■jDcees  goes  on  till  all  \^  bitmed. 

^"     The  only  respect  in  which  the  burning   portiona  are  distinguished 
from  those  which  art  not  burning  is  in  their  iempentlur*.     It  seeraa  us 
tmoBt  substances  had   llie  jwiver  of  combining  with   oxygen  only  at 
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the   three  variables  are  chosen  ns  ihc   magiiiLudea  to  he  arhitraii 
fixed. 

This  relation  is  expressed  by  saying,  lltr  iinsemiJi  dutt  fins  tu-o  tir-c, 
of  frfuiom. 

For  nndersUkuding  the  hehxiviour  of  difi'trent  systems.  !\.  knowledge 
of  their  degrees  of  freedom  is  a  matter  of  fimdainerUal  fmpnrtaiice,  and 
this  is  tniie  not  only  for  llie  physical,  but  nlao  for  the  chemical  lie- 
hiivioup.  Much  use  will,  therefore,  be  made  later  of  the  c-onception 
the  lietfi-re^  of  fra'dimt  11/  a  iti/,iipiii. 

'  6fi.  Greometrical  Representation  of  the  Gas  taws,- — It  wf 

he  recalled  that  in  Jlathemiitk^a  the  fiict  uf  the  miitind  dfix-iidfiicc  of 
two  variiiblf  mitgnitndes,  of  such  a  kind  that,  one  of  them  lieiny  given 
the  other  must  asBiime  a  definite  value,  was  eA-preeacd  by  suying  tli 
the  one  is  a/u-ncliim  of  the  other.     In  Boyle's  law 


TvherB  /'  is  the  presanre,  i'  the  volume  of  b  gas,  and  C  a  congtiinl,  j'  i* 
a  function  of  r.  Convorsely,  p  is  a  functi(>ii  of  ;>,  for  this  rehitioii  is, 
necessarily,  always  tiintual. 

As  can  \x-  seen  from  this  example,  the  couteut  of  Ji  quantitative 
law-  of  nature  can  bo  oxprcwed  by  eaying  th«t  it  repfesentu  two  (or 
several)  meaaunihlc  properties  of  a  system  as  functions  of  one  another. 

When  ihe  function  is  given  in  the  form  of  an  algebraic  equation 
there  am  l«o  calt'ulated  for  each  vabie  of  the  one  variable  the  eorre- 
epondtng  value  of  the  other,  and  whtn  eneh  rnlcnlations  have  to  lie 
frequently  performed,  )i.  talile  of  the  required  extent  can,  once  for  all, 
l>e  drawn  up.  In  many  cane^,  howover,  especially  in  the  investigation 
of  new  relations,  an  algebraic  expresHton  for  a  really  existing  depend- 
ence is' not  known.  In  such  cases  it  is  importfint  to  possess  a  method 
which  allows  of  showing  tlsiirly  the  connection  between  the  magni- 
tudes, so  ilmt  the  ^enei-al  relations  ean  lie  judgefh  For  this  purpose 
the  ri»i>i-r6*^tation  by  moans  of  m-ordinnlcA  ia  gcuBrally  used  in  the 
experinl^   ■  1  sciences. 

UJthlMAn  found  by  meatturenielil  that  to  a  definite  value  t{ 

•     •■     ie,  there  corresjionds  a  viduc  '/,  of  the  other.     On 

"-,,  iv\'-:.    1  &),  starting  fr^'im  a  point  which   has 

r--,.i^*(Jlli€n  measiu'eH  off.  towards 


re- 

» 

of 
en 


Lof  thjt 

a  hoi 

been  . 
the  righ 
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.  *!t     CV 


(f  »'■■ 


,i  .T,,  ;,'■,  i  distance 


which  contains  ;i.s  many  of  the  suitably  il«isi.i,  'u  of  length  as  the 
amount  of  the  numerical  value  of  t^.  From  the  point  a-,  the  value  of 
y^,  also  in  suitable  units,  is  meaBured  in  a  perpenditnlar  direction. 
The  point  Vj  so  obtjiined  is  then  a  representation  of  the  quantitjitive 
relations  of  the  two  values.  Thia  process  is  repeated  for  a  second  pair 
of  corresponding  values  :/^f^,  and  a  second  point  is  thus  oiitaincd.  By 
continuintf  the  process,  a  number  of  such  points  isobtiined,  and  if  an 
unbroken  line  be  now  drawn  thTOiigh  all  thaao,  a  clear  picture  of  the 
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relation  between  the  two  variable  nukgnitudes  i»f  the  phenomeuaii 
under  investigation  is  obtaircd.  The  horizontal  lengths  are  ealled 
ihe  alfsmatif,  und  the  vertical  ones  the  ordinutes  of  the  points  insei-ted ; 
both  together  are  (U'St[;riated  as  the  f'MTiJiiialfx. 

The  method  of  reprcaontntioo  employed  pemiita  nlso  nf  the  rcpre- 
^sbntation  of  negmtive  magnitudes,  if  the  rule  he  laid  ilowri  lh:Lt  thea* 
ffhall  be  reckotunl  towtirdfi  the  left  and  dou-nivurds  fr<*m  zero,  while  the 
{.lositire  magnitudes  are  reckoned  towards  the  right  and  ujiwards. 

•  67.  The  Law  of  Expansion. — In  illustration,  let  up  apply  tho 

methofl,  ill  the  firat  phcc,  to  known  U»vs  of  nature  ;  the  curves 
thereby  obtained  will  bt  a  r(>preB^iitAtii>ri  of  these  fntietions.  As  n 
first  exatDpIe  we  m%j  take  the  law  for  the  expansion  of  gtists  f"j  hfiil. 


v 


-r 


Fill.  in. 


the  t^mperaturwi  being  regarded  as  the  abeciestte,  the  vo'  »  ->»  as  thi; 

nnlinates.      First  of  all  one  cidciilwtes  the  volumes  v.  corr  ding  Uj 

ditferent  raluea  of  t,  according  to  the  formuk  for  i-n"«r'  ure 
■  -P^Vl.+  O-r'n  — 


ufiaumiiig  any  delini' 
abtains  a  table  such 


Oi* 


If  w 
foilowii' 


1-037 

t-o7a 

1-.1Q7 


!  of  /  as  abscissae,  those  nf  v  as  ordina;i  s 
jced  (Fig.  17). 
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doubtful  nature  of  its  results  in  mind.  In  the  prcBont  cast'  llie 
suppo&iUoii  would  bt  wTong,  aiiio*  all  gases  ftlrcady  chanj^o  tb^ir 
pbyaical  state  in  the  known  ranges  of  tiomperature  above  the  abHolilte 
sero>  and  become  liquid  or  solid. 

"  S6.  Eepresentation  of  Boyle's  Law. — The  relation  between 
the  voSuiue  nnd  pressure  of  a.  gjia  iit  (.'onstiint  lemperatiirc  is  repre- 
sented by  the  formula  /«■  =  C,  where  C  is  a  nifijpiiUide  which  varies 
with  the  amount  of  the  gaa  ,ind  with  the  tetnjjepann'c,  but  for  j^iveii 
vidues  of  thesL-  remiiinB  cojisLnnt.  The  oxpression  is.  ovidetitly,  not 
one  of  the  tintt  degree  with  respect  to  p  and  j\  since  it  conuiiis  a 
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Fill.  IS. 


30  f 


jiradud  of  the  two,  but  ia  of  the  second  degree.     Accordingly,  it,  will 
rot  be  represented  by  a  straiyht  line.     ABsuuiing  the  constant  C  ^  1 00, 

one  obtains  the  following  table: — 

I'  " 

]  1DD 

5  20 

10  10 

20  E 

too  1 

The  geometrical   reproaentfttion  gives   the   ciiivi-d    line    of    Fig.    18, 
which  is  called  ii  tw/atujuhn'  luiiifrliola.     The  two  bninehes  flp|jr<i!iel' 
the   axes  more   and   more,   without  ever  toiiehing  or   cutting;   them. 
Straight  lines  which  possess  this  property  with  relation  to  a  cur\-e,  ar^' 
called  as^'i'iij'Uiir.'^ :   ami   the   mfinner  of  approach  is  called  itni/iiijilode,' 
Since,  aimultuneouslj'   with  the  appi-oach   to  the  one  asis,  the  ciir\"o, 
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becomes  more  icnil  more  diataiit  fmm  tlie  nther,  this  relution  ia 
expressiou  of  tlie  tact  tbiit  the  TCiliime  ol  the  giia  never  becomes  z 
however  greiit  the  preasure,  bjilI,  likein&e,  the  presauro  ucver  beco 
aero,  howevsr  yrwit  the  voiimie.  However,  the  extension  of 
coiiclusirjii  inilofiiiitely  would  again  he  ivn  extrapolation  (p.  76)j 
which  the  wiffeaporniini;  ilubiety  woiiitl  attach. 

6&.  Density  of  Oxyg'en. — ^After   these  long  but  iioceaaiiry  | 
Hminan'es,    we   eaii   calculate,    from    the    observed  volume   v  of 
oxygeu  at  the  temperatiu^e  t  and  under  the   pressure  y^   its  "redn 
volume  "  r„  at  0°  and  under  the  pressure  p„  (ei]»al  Ui  the  presaun 
one  atmoaphere  or  7G  cm.  mercury),  by  meana  of  tbe  formula 


1>o  = 


pv 


pp 


;«„(!+ al)     76(1  +U-00367()" 
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According  to  the  very  exatct  measurements  of  Morley,  the  waighl 
1  cc.  of  oxygen  under  normal  conditions,  amounts  to  O'OO  14290  gi 
it*  deimty  is,  therefore,  0'0lll4290.  Conversely,  1  gm,  of  oxyj 
occupit'e,  nudcr  nornia.1  condition!!,  699-S  cc. ;  its  extoiiaity  ia,  tbi 
fore,  69[^■8.      At  jtiiy  other  pressure  p  ^"d  temperature  t,  these  vaJI 


aie- 


Deneity;  0'00U2&0_ 


76(1  +0-003870' 
TP  .      -.        ,.„n  0^6(1 +0-00367/1 

70.  Liquid  Oxygen. — For  a  long  time  oxygeji  Wiia  known  ai 
in  the  gageona  state  ;  it  whs  only  in  1877  that_Fietet  and  Caillel 
^iranlumwjualy  and  iiidepciudently,  converted  it  into  a  liquid.  'I 
has  Li  bluish  L-olour  and  boils,  under  iitinospheric  pressure,  at  -  1801 
On  increjLsinf;;  tlie  pressure,  the  boiHiif;  ])oint  rises.  In  this  way,, 
increasing  tbe  prcssiu-e  in  SO  atmosplieres.tiie  boiling  point  eanberai 
to  —  118',  At  ;i  liiglier  pressure,  the  phonomenon  of  boiling  a 
not  be  brought  about  at  all  ;  un  the  other  hand,  above  -  1 18"  oxyt 
cannot  be  liquofied  by  any  prasBure,  however  ^reat.  Theso  extr^ 
values  at  wliich  gas  and  liquid  ctni  exist  side  by  side,  arts  called  ^ 
crilicil  values  ;  W  iitnioaphercs  is,  therefore,  the  criticid  preaaure, 
-  1].S  C.  or  15  j  A.  the  criticil  temperature,  of  oxygon.  .More  e 
iii£orm;i.tion  regiirding  the  bcbavionr  of  aubstf^nccs  in  the  noigbl 
huoil  (if  the  critical  point  will  be  given  later  (Chap.  XVI,).  | 

Whereiis  formurly,  liquid  oxygen  l-ouM  be  obtained  only  in  soj 
quantity  after  lahoriuns  preparation,  C.  Linde  perfected  a  method 
159G,  by  means  of  which  oxygen  could  be  converted  into  the  liql 
state  by  a  continuous  process.  The  method  dvponds  on  the  fact  t| 
strongly  compressed  air  undergoes  cooling  on  expansion.     The  e( 
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dm  produced  is  then  ■■miilmverl  lo  cool  iluwn  a  further  (]immity  of 
taai|iiBM4l  Air,  so  thac,  -u-hen  tliis  Qxpnnrls  a  considerably  lower 
(mianit4ire  is  produced  ;  by  reijealiug  this  cycle  iininterruiitedly, 
the  tWBpt^mlure  cnn  soon  be  low(!rci)  ao  fjir  llmt  the  expanded  uii- 
Ixoann  li'|iii(l. 

Frijiu  tb<?  TTiixti.ii'c  of  iivj'geri  imd  nitrogen  thiia  olituine<l,  nitrogen 
fva|Kiniiu)  (iff  first,  since  ita  boiliiif;  point  Ik's  iit.  -  lti4  ,  much  luwer, 
tbnlDK,  than  that  of  oxyguii ;  a  mixtiire  is  luft  liuhinJ  which  liecomes 
wandagly  rtcli  i»  oxygen,  nml,  at  \ml,  is  ftlmoa't  piiri?  liquid  oxyt^en. 

The  production  of  liqutd  oxygen  hits,  on  this  acconnt,  liaconiu  ao 
(biftp  tbai  attempts  h»ve  been  mode  to  employ'  it,  mixed  with 
dorwal,  Kt  ail  exjilo^i  ve. 

' ! ,  C01StnerCi£ll  Oxygen. — ^ Altbou£:h  oxy.;ieri,  in  miliniited 
UDOiini,  is  ;iL  thi.'  iiiBp<i&aI  of  i-i^ery  one,  tbe  manufacture  of  osygun  for 
•lie  la\  huwever,  Hlre^dy  boconie a  considerable  industry.  This  depends 
■miibef^ct  that  ihc  oxygen  in  the  ;iir  is  diluted  with  nitrogen,  and, 
lii'Motr,  in  the  case  of  combustion  does  not  produce  such  a  high 
ttaiivnturc  us  tho  jinre  gaa.  Where,  thi-reforc,  it  is  of  importiincD 
ftt  ^Uiit  Very  high  toHiperatucce,  puce  o^yge^  rniiat  l>0  Employed,  and 
tbuDUBt  lie  specially  piupjtreJ. 

The  cheutic^  methods  employed  for  this  purpose  cannot  be 
Jnerilwd  here.  Thw  propamtion  from  potassium  chlorate  ia  too 
MptBMvt  for  llie  manufiwlure  on  a  large  scale;  other  snhsLiiices  are 
iM^  which,  a[  corudn  temperatures,  jibsorh  oxygen  from  the  iiir  and. 
»l  «W  ttnuwramres,  give  it  H|i  flgftin. 

Onljr  the  principle  of  one  mtthod  can  be  describGd  here.  It 
ifmit  on  the  easy  prcptirii.tion  of  Ii4uid  oxygen  fwni  the  air  (see 
lAunl  Prom  the  mixture  of  oxygon  and  nitrogen  produceil,  by  thia 
»«*W,  the  nitrogen  is  removed  by  partial  evaporation.  By  usitig 
tlMcold  her^iiy  prixluced  for  the  It'iueritclion  of  fresh  portions  of  air. 
tl  iipwubltr  loi  s«j)arat«  the  oxygen  .ind  nitrogeu  of  the  air  fiiirly  Wiell 
fffln  (UK  another,  nrid  this,  too,  iit  a  price  which  makes  the  com- 
lurnil  production  a[i|ied.r  i^tnnnerative. 

Tbenxyyen  pre[>ared  for  stdc  te  pumpwl  into  ati'cl  cylinders  (Tig. 
3i. }»  1414)  under  a  priissure  of  100  .iltnosphflres,  and  can  be  willidraM  n 
bm  them  with  any  de-aired  velocity  by  turning  a  screw-valvu.     For 

iptqiote  nf  .ronlinuoiisly  raninUuiiinfi;  definite  velocities  in  spite  of 
Ijniiiial  emptying  of  the  cj'linder,  there  iire  press ure-reduc in y;  valves, 

'•tilling  of  which  cnkrgcs  more  and  more  as  the  presanre  in  llic 
iJKiniir  Itcwimes  less,  and  which,  in  this  way,  effect  a  discbaci^e  which 
itihsosl  independent  of  the  pressure.  A*  a  rule,  commercial  oxygen 
itilt  cuiiUitii*  o  to  lo  per  cent  of  nitnigen. 

<2    Other  PropertieB-^AB  is  to  he  expecterl  from  the  great 

ICC  of  tUia  clement,  the  m«isuremfnt  of  many  other  properties 

ell  carried  out  on  oxygen.     Tlieir  importance  ia,  however,  as  a 

MK  so  great  that  they  should  be  efparatciy  discusB&d  here.     One 
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the  ^nhiiiflity 


ill  be 
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tt-om,  however,  viz.  tUe  sniiUinui/  tn  wntei',  will  be  giv*ii,  9in(:(i  it  ( 
eomeB  undei'  diacuBeioD.  It  ia  amall ;  1  vuliiine  of  water  iJissulva 
0",  0'049,  and  at  20',  0-031  volumes  of  oxygen.  From  atmospl 
liir,  in  wliinh  oxygen  is  preaent  only  to  th*  extent  of  one-fifth,  ot 
fifth  pirt  will  be  diasolvod.  From  this  it  follows  that  at  0',  32 
of  oxygen  require  457  lit,  of  witter  for  aolutimi,  when  tbe  eoluLif 
saturated  with  pure  oxygen.  If  it  is'  satunitiid  with  air,  32 
usygeri  would  be  contained  only  in  eonicthing  like  ^3  cubic  metn 
water. 

Further,  it  is  deserving  of  mention  tbat  oxygen  ia  pintiiin'/itetus 
it  is  atti-acted  by  a  magnet,    similarly   to   iron.     On  acrmint   ot 

amal)    density,    this    property    ib 
observable  in  the  tase  of  the  gna, 
the  case  of  liquid  oxygen,  how«V8' 
can  be  clearly  observed. 

73.  Ozone.— When   Oxygen  ia 
posed  to  the  inliitenceof  electrical  OM 

„ tioiis,  its  volume  changes  ;  the  vol 

oi-fjora  contracts  and  the  oxygen,  at  the  a 
time,  uwuttiea  new  ]iropei-tie*. 
experimpnt  is  best  carried  out  in 
appflr.itua  consisting  of  two  t^ 
placed  one  within  the  other,  antl  f{ 
together.  These  tubes  are  cd4 
within  ii[id  without,  with  an  electj 
c'onduetoi-;  eath  ci>atmy  is  connOi 
with  a  [Kile  of  a.u  indnction  mticH 
unci  osygcn  is  passed  fn  a  slow  eutj, 
through  the  space  between  the  J 
tnlws.'  I 

74.  Characteriatica.— That  afl 
tbiny  new  has  been  formed  I 
evidenced  first  of  all,  by  the  fuel  t 
the  issuing  g.'Ls  has  a  strong  aid 
which  is  in-iUiting  to  the  mm 
membrane  and  induces:  caugt 
Further,  a  piece  of  hriglit  si 
which  undergooB  no  change,  eitlieA 
air  or  in  pirre  oxygen,  becomea  \ik 

when  held   in   tlie   stream   of  gas.     Lastly,    a  colourlesa   aolutio. 
potaaeium    iodidti   (p.    47)    becomes  coloured   dark    brown   when 


Otaac 
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'   All  oilvitntn^'riiui  moslitluatinii  of  llie  Hp;i&nlii''  cimaiitl.'i  iu  fnimiug  Imtli  routb 
ililutt  aul|i!ium  ociil  ("Lidi  ie  u  laiily  gtuxi  wn'luttnr  of  dftttricity).  {Fig.  10.^ 
ni«niis  <)t  tile  liqulii,  (lie  appnrii.tii>i,  while  liring  Ksiril,  A  llii^t  t'bol,  H  Cotitlilioii  wk 
^eat   itilliiuiice  &ii  the  yi«ld,   siDce  osanr-  ia  dcstro^iiU  1>j>  wuiuhig.  i.f.  it  U  itita 
again  Into  oiiliiiur)'  oiyi^n. 


OXVOEN 


.^  _  .MTgen  is  conducted  througli  it,  whereas  OTcliiuiry  (i\;>-yeii 
1isi£'«ffecu  All  these  properties  arc  iigain  lust  niieri  the  iiltered 
lajgia  w  pMB«l  through  a  h^tcd  gVvta  tube. 

MrV  here  stand  face  to  fiicc  with  tlic  f;tct  that  a.  simple,  or  uode- 
>iini[iMab|i;,  siibatance  sissiinied  otlior  properties  witliOiit  ptissiiig  into  a, 
rbemical  i-ompoiiiul  hy  iotfi-actiun  with  another  Bubnttancv.  J-'or,  the 
iUu  of  thu  eW-trieal  appiir;>iii5,  ivith  which  the  oxj'gen  is  ix\  contact 
duriiif  its  alicration,  rcmuins  entirely  nnch.inyed,  .la  also  does  the 
tteUed  tulie  in  which  the  altered  oxygon  again  passes  into  otdiuar)' 
oiygen. 

Thn  oxygeti,  endowed  by  means  of  tha  alettrieal  treatment  with 
0^  propertiefi,  is  prnrluc«d  ulso  under  tnany  other  conditiona.  Even 
in  iiCfy  iimdl  ipiantity,  it  i»  recognisable  by  its  remarkable  smcU,  on 
toouitt  \\i  which  it  has  received  the  nnme  of  n:mir. 

*■!.  Pure  Ozone. — The  oxygen  in  our  appanitiia  ia  uonverteii, 
»ft«  »11.  uiiiy  m  small  part  into  ozodb,  ho  that  the  issuing  ^iis  ia  ii 
Bniturv  of  oxygen  with  a  small  percentage  of  ozone.  Pure  ozone  van 
bcftkainoil  by  pji&siii^  thi-  raixtore  tbroa°;h  n  tube  cooled  by  liqitid 
oiigKii:  the  ozone  condenses  then  to  a  liquid  uf  a  uorn-flower  blue 
nloiir.  irliii'h  paaeea  at  ~  110  intua  li)ne  giis.  AVorking  with  this 
pi  is  dai^rerous,  ainte  it  readiJy  explodes,  passing,  with  develojmiuat 
af  Wi,  iiiu>  ordinary  oxygen. 

ifi.  EelatioD  of  Ozone  to  Oxygen.^This  last  fact  gives  ua  the 
hiT  to  iht  midcrstandin;^  <if  thu  pheiKuncna,  The  beat  which  the  ozone 
deTc^n  uii  [iHfsing  into  ordin^iry  oxygon  wns  contained  in  the  ozone, 
M,  ii  u  tnte,  as  lipat,  but  as  cner;:y  (if  iinother  Eotm,  which  is  called 
'i<«wl  nnpv-      We  can,  therefore,  write  the  ecpiation 

oxygen  +  energy  =  ozoiie.^ 

B^nAjoeiiDg  oxyg(>n  Ui  the  influence  uf  electriuil  oaeiltattons.,  tliere 
htnoiNnd  to  il  the  t-'ner-jy  wliich  it  reijtiiroa  for  ita  transformation 
tuin  ittiinr. 

A<  u  evident,  ozone  can  be  formed  from  oxygen  only  nnder  sueh 
nvdioan*  thut  ihe  uecessnry  energy  cjun  be  tinnsfeiTOil  to  the  latter. 
A«a  unttcr  of  fact,  thii<  is  the  tase  in  nil  circumstances  (to  b«  Kp^eified 
"tejwbich  lead  to  the  foiToation  of  ozone  {nii«  Chap.  XV.). 

17.  Allotropy. — Elements  whicli,  hy  reiwoii  of  diH'eretil  eiiergy- 

Mttat,  \i.\wc  itiliV-rcnt  projjerties,  are  called  ullrjtrojrir.   Oxygen  acid  ozone 

n,  AgniotP,  nllotiifpK  mmlificalicin.^  of  the  samt  flnwiil.     The  (act  uf 

tWnnlenw  nf  allotropy  follows,  on  the  one  band,  from  the  fact  that 

Ab  iiSennt    fwrms  arc  convertible  into  one  another  mthwfl  rrM-hif, 

lai  no  ilie  Diber  hand,  from  the  fact  that  equal  weights  of  both  forma 

|RV  idtDtimI  itroducta  with  eqoal  weights  of  otbor  substances.     Thus, 

■  tbt  combiuation  of  a  combustible  substance  with  vxygL'ti  or  Oi^une, 

'  tW  •rtHUirni  if  nil  lii  Ih'  Ilioiiglil  uf  nn  t:$|ireit»itig  thni  nrdiuoiy  (riyifvii  ouUtlu 
Btamgf,  tot  imlf  tlmi  mooc  roubaiii*  I'mv  fiiergy  tJmu  onlinjiiy  oij-geu. 
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exactly  the  same  compounda  are  obtained,  and  in  these  nol 
remains  of  the  difference  between  the  two  kinds  of  oxygen. 

Besidea  the  difference  in  chemical  behaviour  and  in  energy-cor 
there  also  exist  between  oxygen  and  ozone  differences  in  their  phj 
properties.  More  especially  has  there  to  be  mentioned  that  the  de 
of  ozone  is  to  that  of  oxygen  as  3  :  2.  One  cc.  of  ozone  weighs,  t 
normal  conditions,  0'00214:4  gm.,  and  1  gm.  of  ozone  occupiei 
volume  466"5  cc. 

78.  Technical  Application. — Since  ozone  acts  more  quickly 
more  energetically  on  oxidisable  substances  than  oxygen,  it  is  prej 
at  the  present  day,  on  a  lai^e  scale,  by  an  electrical  method,  ai 
employed  in  the  arts  for  bleaching,  purification  of  starch,  resinifia 
of  oils,  etc. 


CHAPTER   VI 


HYDROGKN 


T9.  Preparataon  from  "TfaX/er.^fValer  is  one  of  the  most  important 
ml  widely  distributed  compounds  of  oxygen.  Besides  oxygen,  this 
■dcutice  contains  another  element  which  is  called  hydrogen,  and 
»lidi  can  be  obtained  from  water  by  the  withdrawal  of  oxygen.  This 
aa  be  done,  for  example,  by  means  of  red-hot  iron.  We  have  con- 
niKcd  ourselves  (p.  64)  that,  at  a  moderately  high  temperature, 
ino  combines  with  oxygen.  If  iron,  in  the  form  of  thin  wire,  or 
ntniin^  or  otherwise  finely  divided,  be  heated  in  a  tube  to  redness 


Vlii.  20. 

■ad  stam  be  passed  over  it  (Fig.  20),  the  latter  is  converted   into  a 
pi  rhich  can,  like  oxygen,  be  collected  over  water. 

*u.  Identification  of  Hydrogen. — The  gas  which  is  collected 
refnnWes  oxygen  in  its  outward  appearance ;  like  it,  it  is  colourless, 
odoorle^'  and  tasteless,  and  is  not  dissolved  by  water  to  an  appreciable 

■  Tlic  ^-  obtaineii  from  steam  «nd  onliiiary  irou  f.vliibits  mi  uii[>li:ii.saiit  amell, 
»sci*'«ot  of  pttrnieura.  TTiK  however,  is  ilue  tn  t!if  forjiiatiou  of  other  s^b^tllllces 
fatt  '^  caj-)'Oti  contaiiKNl  in  ordliutr)'  iron,  and  doe»  not  oci'ur  wiitii  pun  irnii  is  ii>ed. 
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extant.  It  can,  hoivevor,  l»e  rsiidily  diatinfi;ui8h 6<i  from  oxygon 
well-known  reactiun  uf  that  {;iis.  A  glowing  splinter  of  wood  dot 
iiif;iniia,  biil  is?  extingiiielied.  If,  however,  ii  aplititer  burning  w 
rtiiiin!  ^6  brought  into  the  j^as,  it  also,  it  is  truc»  is  extinguished 
ihe  gas  itself  takes  fire  and  hunia  tt-ith  a  pjile  flanit.  Hydr 
therefore,  nmnofc  support  the  combustion  of  wood,  Imt  is  itself 
liiidihle  in  Jiir. 

1^1.  Detection  of  Oxygen  from  Water.— If  the  irun  l>e  , 

wanls  examined,  it  will  Im  found  to  l'«  coittod  with  ii  hlnek-groy,  fi 
mass  which  Ikls  the  same  prop^i-tics  as  the  siiEistance  produced  b' 
burning  of  iron  in  oxygun,  and  is,  in  fact,  like  it,  an   osidai 
Tiie  following  process,  thiirefwe,  occurs : — 

water  +  iron  =  hydrogen  +  oxide  of  iron. 

S2.  Otter  Methods  of  Preparation  of  Hydrogen.— Th 

peHnient  jiistdc-i^onbod  is  K<i  yroiit  btsloriciil  iinportii,nec  since  it  sa 
in  ita  day,  to  prove  the  comjiound  nMtnre  of  water  (which  was  (on) 
regfLTdcd  as  an  element).  It  yields,  however,  littl-e  bydro^en,  al 
inconvenient  to  tarry  out. 

The  esiici'iiinJiit,  bei^oraes  nini;h  etlsier  when,  inst&td  of  il"< 
TQDlal  is  used,  which  dCTompoacs  the  water  even  at  a  low  tempera 
This  de^iompoBition  oi'cnrB  with  tiio  light  metals,  e.ij.  iiunpusinTA, 
\iater  be  poured  over  magnesium  powder,  such  as  is,  at  prcaent,  1 
used  for  the  production  of  a  hrigtit,  suddieR  light  in  pbotographiRj 
jictioii,  cerliiinly,  ukes  place  at  the  ORiinarv  tempcnitnte ;  on  he4 
however,  till  the  wtiter  hoils,  &  gas  is  slowly  evolved  which  C4 
cftlleL-tcd  in  the  onlinary  way,  and  can  be  ahown  to  be  hydrogen 
burning  with  a  piiile-bUie  flame. 

The  evolution  of  gits  can  be  greatly  accelerated   by  dissolviBJ 
the    water    a    little    nLagnestum    chloride,    a   salt-lilc«    t!ompou: 
miiguesitini.     This  does   not  take  any  part  in  the   rnurtioii  but 
dissulvea  the  arii/c  of  m.igneaiuni  which  ia  formed,  «nd  ihiis  fro 
surface  of   tbo  nieudlic   particles   from   the  coiitin^  of  this  auba 
by  which  the  Jictton  of  the  water  is  rctard^'d. 

Lastly,  there  are  light  metals  which  decurapose  water  with  e: 
even  at  tiie  ordinary  temperature.     TJiis  is  the  ease,  for  example, 
so'Huiii  (p.  53),      On  bringing  a  little  of  this  metal   in  contact 
water,  an    energetic  acttoti    takes    plac«j    whereby   so   much    hall 
developed  that  the  metal  melts,     For  the  purpose  of  coltectin 
gas  hereby  prwltieed,  one  ca[i  jiroceod  aa  follows. 

A  ]ttt]e  sodium  is  plneed  -ou  the  water  in   iLc  trough  and  pcd 
wndor  the  surface  with   an   inverted  apooii   miule  of  fine  wire-fl 
(Kig,  21).     The  evolved  gas  then  ascends  tbrnngh  the  meshea 
gauze,  while  the  metal  is  kept  back.     If  the  spoon  be  placed  und 
invei-ted  tube,  filled  with  wat«r  and  standing  in  the   trough,  ih 
can  be  collected  and  be  shown  tfl  he  hydrogflo. 
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Alao,  the  Mxliiim  may  he  imipittil  in  lilottingimper  (or  in  wire- 
fua),  and  <iiuckly'  brought  under  the  month  of  the  tube  by  means  of 
I  uogB.  The  wnn^r  then 
fMWIfiUv  »M)y  aftiir  seme 
umtat*  to  ihv  fiodiimi.  ami 
te  n«fs  within  the  tube, 
9iar  n  acts  on  the  water 
■nj  itvolm  gas.  lit  this 
OM.  lihn,  the  lais  Lun  lie 
Abwti.  by  its  (.'(MiilmstibiHty, 
I*  fe  hydrogen. 

\i  a   nil«,    Lho    gJi8   so 

vtannFt]   hiims   nut    vriih  n 

Utt    hut     wttli     &    yellow 

lat.     Tbis   is   due    to   the 

pwtv  «f  drojw  of   liqiiiil, 

•U   fiOnbiin     the    nxluim    ^ 

<w«i    which     haE     lieeii 

t>^.i .  fq  tijig  ^[,g  fianie  owes  its  yellow  colour.      If  one  wiehea   to 

■.  the  gas  must  be  allowed  tn  stjind  some  time  till  tht>  rlrop» 

'■Wf  fieltldl  ami  thf  gas  lias  become  free  from  fumes, 

Chemical  "Forces." — If  the  methods  by  which  oxygen  W!is 

■ittHd  «e  coini>ared  with   thost'  emploj'od  for   the  prepAtutioii   of 

M^^pB,  Ml   essential   rlifferencu  is   found.      Oxide  of   murcHry  and 

fVMm    clilorate    dei-nmpose    al    moderiktely    higli     temperatures 

•  nyggo  and   the   other  constituent,  without   the  participation   of 

w^er  aitistance.      Hydrogen,  however,  was  obtdined,  nt^t   by   thu 

Bftitueot   of  w.ater  lieiiig  sepamteil  aa  an  A-mi'iit,  but  by  il.9 

n\f>  another  '■•.•ii'1"Uh'1  .  liiid   tlii?  fbrmatiuu  of  hydrogen  from 

fifeufcrn  cilace  all  the  more  easily  the  more  cnoi';:;elieaIly  the  eotu- 

1**^  "<  the  oxypeti  with  the  substance  added  takes  place,  ;.'■.  the 

>  the  newly  formed  eompoiind  is, 

--^^:m  tfonditiona  are  also  m«;t  with  in  many  other  cases.  If  wi- 
^soMBprMiDd  of  tie  subsUinces  A  ■<■  B,  find  bring  into  contact  with 
*fc  ctfifUi)C«  C  which  can  fombine  with  A  ^  forai  a  very  ataWo 
WfiMd,  then    this   compoiuid    A  +  C    is    formed    along    with    the 

long  tJme  the  following  picture  wiv.  made  of  these  rclntiona— 

which   U  etill   much   used,   ulthoiigh    theire   are   important 

iBtt  it  doM  not  prove  to  he  correct.     Tlic  various  isnbstances 

i^nerl   lu  bruif;   endowed    with    fori^cB,   in    virtue   of    whicli 

miituillf  lund  one  nnotht^r.      If^  now,  the   force   between 

ic  graMcr  tbui  that  l^ietween  A  und  K,  C  must  decompose 

A  -  BL  when    both    come    together;    A    is    bound    or 

17  C^  am)  B  i*  displaced  from  it8  compound  with  A  »itd  set 


f. 
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On  ojtening  tbei  tup  H  the  air  in  the  apparatus  lirsb  of  :i11  es< 
the  liciii  flows  from  C  into  A,  and,  when  A  ia  filled,  comes  into  ci 
with  the  zino  in  B.  EvoluUon  oi'  giis  l)Ggins  fortliwith,  and  tlie  \ 
geti  which  is  genorntctl  cHcapca  through  the  tap  11.  If  more  | 
developeil  tha-n  cjLn  pass  through  lli«  tup,  the  add  is  forc*d  Ijac 
of  E  into  A  anil  C  ;  it  coiues  out  of  contjiiit  with  the  ainc,  an 
flvolntion  uf  gas  is  iiitarnipted  or  diminished.  On  the  other  ha 
more  gue  is  withdrawn  the  acid  passes  hack  to  the  zin^  aiv 
evolution  of  ga.s  takes  place  more  (juicldy. 

Although  this  antomiitic  regulation  ia  an  advantage,  the  appa 
hua  the  disadvantage  th;it  the  fresh  acid  from  C  is  mised  vril] 
partially  spent  aciil  in  A,  and  its  action  thus  interf«rod  witk 
full  effect  of  the  aciil  can,  theiBfore,  never  he  obtained,  as  can  be 
with  the  ;ipp4r;itn9  first  desffibed. 

85.  Drying  of  Gasea.— The  hydrogen,  which  <:an  in  this  wi 
ibtained  in  ^uy  dosired  rjUitntity,  is  not  quite  pure,  since  it  taki 
Iter  vapour  from  the  ai-[iienua  liquids  in  tbo  presence  of  which 
prodnwd.  To  free  it  from  this,  the  gaa  is  (lasaed  over  subsb 
which  retiijn  the  water.  There  are  many  such  desiecating  aj 
One  ni  the  moat  convenient  ia  (uleiuw  cSihtidf,  a  white,  very  h 
scopic  sa.lt  which  is  formed  as  a  waste  secondary  proflnct  in  ] 
O-homical  inamifactiires,  and  ie,  thenjfors,  vfry  cheiip,  .\  tnhe  is 
with  this  salt  and  placed  in  the  path  of  the  hydrogen,  the  slio 
way  being  to  a-ttnch  thf  tube  directly  to  the  generating  iippar»tt 
indicated  in  Figa.  23  and  24. 

Concentrated  6n]|>hnric-  acid  is  another  and  mnuh  mora  efffl 
desiccating  agent  Since  this  is  a  liquid  it  ia  either  placed  in  a  < 
bottle  {Fig.  25),  in  which  the  ^as  la  made  to  bubble  tliroiigb  the  lit 
or  spread  out  over  soma  material  which  has  a  1 
Riirfaee,  and  is  not  attacked  by  the  acid,  such  as  br 
glass  or,  better,  pumice-s-tone.  It  can  then  he  p| 
lik>e  a  solid  substance  in  tubes,  and  in  this  cv\sa 
must  only  bear  in  mind  that  the  volnrno  of  the  '■ 
inereasea  through  its  attracting  water  and  flows  d 
to  the  lowest  parbs  of  the  apparatus.  A  colltwi 
chaml^er  for  this  aei<l  must,  tlierofore,  be  provi 
In  Fig.  '2(i  iw  ahawiii  a  iliijinri-Unrrr  which  ia  intoi 
for  Large  ijuantities  of  gas,  and  which  fulJils  G 
re<|uireiiients ;  it  can  also  be  need  for  oolt 
ehloride.  I 

Besides    the   aqneoua   vapour,    the    hydrogen 

qiienily    contains  also  very   fine   drops   of    the   li|j 

from  which  it  has  hoen  evolved  (p,  8.'i).     These  jmiss  through  HI 

hijttles,  bat  are  retained,  with  curtaiiity,  by  a  plug  of  coltori  wool,! 

Other  impuritica  which  arc  usually  coubiiined  in  the  hydntgen] 

not  oeeupy  us  here,  einca  they  are  mostly  of  no  account 
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ffirperiraenta  which  ure  to  b-e  jterlbrmetl.  By  the&o  traces  of  foreign 
sulffitaoces,  only  the  fact  that  pure  hydrogen  is  completely  odourlcse 
is  masked  ;  impure  hydrogen  has  a  slight  oilnur, 
which  it  loses,  however,  by  appropri«t«  purifica- 
tion.' 

86.  Physical  Propertiea  of  Hydrogen.— 
The  most  eoiispieiiwis  property  of  this  element 
is  ita  emull  density ;  of  all  knuwii  aiilistancett 
it  has,  a&  has  already  been  said,  the  smitllost 
denaity. 

If  a  flask  of  uhout  a  litre  caimcity,  closed 
hy  a  stopper  and  j^ootl- fitting  glass  tap,  he 
weighed,  fii"3l  lilled  with  air  and  then  oxiiansted, 
n  difference  t>f  W(:ight  nf  rather  more  tliim  1  gm. 
is  found.  If  the  exhausted  (Usk  be  lilJed  with 
hydrogen  under  iitnioepheric  preBKiire,  the  iiicreoae 
of  weight  amounts  to  only  about  U*I  gni. — if  ■ 
anything,  rather  Usb.     This  shows  thwt  hydrogen  fi-.  m 

is  at  least  ten  times  as  light  as  .dr.      By  exact  experiment   the   ratio 
is  found  to  be  1  :  14'4. 

On  tompuring  tlie  weights  of  like  voluiues  of  oxygen  and  hydrogen 
at  0*  and  under  n-  pressure  of  7(i  cm.,  the  ratio  is  found  15*88  :  1  or 
I6:l-00e. 

Since  1  cc.  of  oxygen  under  normal  coEitlitiona  weighs  d'OOHSH 
gm.,  the  weight  of  ]  ec.  of  hydrogen,  or  its  aUulute  ilen.yty  uiidor 
normal  eonditinnK,  must  l>e  fl'OOOtJEHJO. 

y".  Molar  Weight. — This  ratio  holda,  in  the  firat  place,  for  the 
two  gasea  under  nornml  conditions.  On  accoiuit,  however,  of  the 
identity  of  the  laws  of  pres-ture  and  temperature  in  the  case  of  all 
gases  (pp.  68  ^lad  69),  it  renminn  utii^hanged  when  thu  densities  of 
oxygen  and  hytlrogen  are  comimrcd  at  anii  /wessucf  mui  tfMj>prniiiT(\ 
supposing  only  that  both  gases  are  at  tlie  «ame  t-emperatiire  and 
pressure.  When,  therefore,  the  Avoight  of  a  giw  at  any  preaa-ure  and 
tempei-atura  ia  compareii  with  that  of  the  same  volume  of  n  twruitil 
gas  under  the  eame  conditions,  a  constant  ratio-number  is  obtainefl 
which  is  independent  of  ihc  preBsure  and  the  temperature,  and  is 
determined  only  by  the  nature  of  the  givs. 

For  such  a  normal  gas  there  is  taken,  not  an  actual  Rub^Uince,  but 
an  inuiifijiicrif  t/Kt  n-hicli  in  3Si  Hirfs  a-i  luihi  us  oirt/;Kn.     The  historical 
developnuerit   which  has  led   to  the  choice  of  this  particul»r 
will  be  given  later  (Chap.  VII.).     For  the  present,  it  i^  81 
state  the  fact. 

The  ratio  of  the  weight  of  a  given  gas  to  that  of  an 
of  the  nnnnal  gaa  under  the  same  conditions  is  called  its 

*  The  piirifidBtiaii  caii  lie  tilfis'led  hy  ateauM  of  pfttassLain  j*niiiiu(i»inil*  coiitailii 
*  waifa-1nttl«  through  which  lliK  gmt  pauox. 
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Qhl.  Since  this  name  has  been  deiived  from  t:ertaln  hyi«>thetical 
notions  i-eganimg  t]ie  <;on9tJti]tiu>fi  of  the  ga*oe — notions  wliich  are  not 
v88ciiLial  Ij]  the  uctii.il  fticta — we  sh.'ill  give  prefereiicp  to  the  shorter 
name  nuJur  wfi'jhl,  although,  at  proaent,  the  othor  is  still  tha  one 
Tno3t  usixi. 

Since  thti  noimiil  gns  is  taken  jls  Z2  times  lighter  than  oxygen,  its 
aliaolute  tleiisily  under  iioimiL!  comlitions,  i.f.  at  a  preasiire  of  76  cm. 
and  0',  is  eqniil  to  0"000O44ti(»  gm.  and  its  extensity  to  22,400  M, 
Biitli  nnniherH  iiie  of  great  Importance  and  find  ina-nifold  (ipplication. 

Thy  miiliir  iirh/hl  nf  a  tfaa  is  got,  thorefci-e,  liy  dividinfj  its  weight 

fi  hy  the  weight  of  an  eqiiril  vohimc  )■  of  the  normal  gas  under  tlie 

same  pi'esaiire  p  and  at  the  same  tera|)emture  t.      This  weight  ;(  is 

^^cund,  uccording  to  the  farniula  im  p.  73,  tn  he 
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The  vohime  is  here  meiiaiired  in  cl-.  and  the  pressnre  in  cm.  morcur)', 

M   'I   is   the   weight    of   the  gas,   the  mol:ir  weight  is,  According  t« 

definition,  (i/j;,  or  introducing  the  value  of  j/,  the  absolute  temperature 

t     T  -  ^7^  -r- 1,  u.nd  cotlecling  all  miiuencal  f&ttove, 


rankr  weight  =  (3234 — -■ 


According  to  definitiun  the  moUr  weight  of  oxygen  is  ^2*00. 
From  the  data  given  aViove  for  hydrogen,  it  follows  that  the  molar 
weight  of  hydrogen  is  2'0lf>. 

The  mukr  weight  of  »  yiie  ean  iilso,  nccording  t{]  ihia,  be  regarded 

u  the  weight  of  thut  nmmmt  of  gns  whieb  occupies  the  sjime  vulume 

t,  under  the  Bainc  presaurc  /i.  and  al  tlie  aaine  temperatiu-e  /,  3*5  1  gm, 

of  the   normal   {^.     From  the  equation  pa  -  rT  or  j""/T  =  J',   we  aea 

Uut    tho   constant   i'    depends   only    nn    the    preaaure,    voilunie,   and 

Hmpcrainre ;    it   assumef^,    therufore,    the    same    valu^    for    different 

^see,  when    these  magnitudes    are    equal,      From    the   definition  of 

BoUr  weight  just  given,  it  therefore  foUnws  that  the  cons/iini  r  mtal 

i«pr  tkr  mnir  mltif  /in'  n  iwhr  ivi^iil  "/  <my  mid  er-crj/  (ftt-',  independent 

oiita  Batnne.     The  eonstiinl  referred  to  the  molar  weight  is  <vdled  K, 

To  Oklculate  the  value  of  this,  we  apply  the  equation  Jw'/T  -  R  to 

iM  BoriBhl  gM  at  0''  .ind   under  atmospheric  x^reBSiire.      In   this  case,' 

•  -^400  te„  jt=  1,013,130  in  (ibaolute  units  (p.  68),  siid  T  =  273. 

B^Kc  U  =  S'Sl  I  10'^  in  absolute  units.'     The  tqiiutioii 

;f,.  =  KT  =  8-31  -  lO'T 

'  pii,  tWntore,  tor  a  muliir  weight  of  any  and  every  giis. 

V^  ^MHBii  Rcbncl  in  «ttiiosplii«reB,  /i-i  'irnl  R  =  83i,     ^(  p  i"  rwVnneii 

»- —  1  «t  ^.  P=ltti  (p.  t!B)  will  R^8-tS\10^      It  »<«!<(  to  kpep  to  atsoluto 
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'  It  millet.  linwevD'r,  be  moled  tlini  tJie  gener.il  ^bs-IuiCj  jig  well  as 
in  [«tl«w*  (thjit   of  Boj-le  Hiid   of  Gay-Liissac),  is  uai  mtii-Ai/  rtacl. 
('nihrttiairxry,  all  gasi.'s  devuile  more  or  less  from  it,  the  deviation 
iiij;all  ihe  sniidler  the  more  dilute   the  gases  are.      AVe  jiro  dealing 
:,  [[wnifure,  with  u  "  limiliii'/  litw"   (p.   20),  to  which    the  nrtiial 
=i*i>ti/if(^  iip))nj\imtite,  but  which  liitv  never  ciitirtly  fidtil. 

'  Lmier  ttrdinary  ecmJiliuns  uf  temperjilure  and  pressure,  thest 
dnuUinriR  arc.  in  the  ca8«  of  mo^l  gasoa,  emnU,  Add  atn»iint  (o  ^cnrcelv 
wwliiiDdrMltli  of  lie  th<?orelical  value.  A  gas  wliich  would  completelj' 
litf  ikf  Uw  fii  -  RT,  is  fjilled  nil  "  idertl  giw."  Tile  norm;*!  gtt£  above 
DFiitiuned  ia  ;issunied  to  be  an  irleiil  giis. 

'  Siiift!,  formerly,  the  densities?  of  gfwes  were,  almoBt  exeiusively, 
nirindUi  tliv  dfnuiiy  of  "iV  us  t.bo  unit,  it  is  necessary  to  c^tahh'sli 
'fl*lilH>i>f  our  nioifir  weight  tf>  thesu  immbcu-s.  Now,  a  litre  uf  (lir 
nijki  I'SOS  gill.  ;  it  is,  therefure,  28'd  times  as  heavy  iia  the  niiimul 
pi-  To  ndctdnte  the  molar  weight  from  n  density  referred  to  dir, 
(WUtiT  innst  he  nrnitiplied  hy  23'1);  in  the  reversi-  case,  the  number 
mufl  tit  divided  by  2S-9. 

''^  ElperimentS.  — The  small  density  of  hydrogeji  can  be  de- 
niiiTOtrstwl  in  varioUB  ways,  A  small  luUIoon  uf  collodinra,  goldbea.tei''a 
•tin,  or  caouU'hnitc,  is  filled  witii  Iiydrtifjen  jiiid  wllowed  to  go  free. 
Si««hTdro|jen  ia,  in  round  niimhers.  fourteen  limes  as  hghl  as  the 
<ll9i*ciil  *ir,  it  ex|H'riGnccB  a  correepondinL:  npuard  force  amouniin^ 
W  ibnni  I  gm.  lor  every  litre,  and  iht-  iKillmm.  therefore,  '|uit'kly 
weeml*  Tht^  same  thing  can  be  shown  by  lilnwing  soap-luihlilcs 
»iti  tijiitti^en  and  nllfi«-i!ig  thoin  to  ascend. 

Tlift  firtjiiciiy  ia  maile  use  of  on  the  brgc  scale  fur  muking 
•ifiil  tnlluons,  whieh  are^  essentially,  ba^s  of  Bilk  rendered  itir-tight 
*wi  6lled  with  hydrogen.  The  total  loiwl  whieh  siicb  a  balloon  <:an 
lincIiiJiivL*  of  iu  own  weight)  is  found,  aceotxling  to  what  has 
*Ut«d!,  1"  it,  in  ruLUid  iiimd>e-]'»,  1  kilogm.  for  each  cubic  melre. 
»  bnlrls,  bovrevoi'.  only  in  the  neighbourhood  of  the  earth's  siirfjiee  ; 
*»  lazier  one  ascends,  the  less  d«iise  does  the  air  become,  and  the 

Tliii  property  of  hydrogen  can  be  demutiatrated  ia  another  way. 
Tbw^MK  cyliiidera  are  Blled  with  the  gas  over  wat«r  and  siijiporte<] 
VMcpright  j'Oeitioti — one  with  the  mouth  upwards,  the  other  with 
TWaoBlii  downw:ir<U  <Pig.  2").  If,  after  a  few  ninments,  a  Hame  W 
it  nTur  l."©!!!  cylinders,  the  invertc<i  c-tie  will  Ije  fomid  to  be  still 
ilti  liydmgeii  while  the  oiher  eonljiins  oidy  air 

i9.  Behavionr  of  Hydrogen  at  Higher  Pressures.— In  its 

u  «  gajs  hyiiro^*-'".  '"f  ii"  known  siibBlariceH,  approximatfis 
lo  Ih**  "idti»r'  gaiseinis  state.     On  closer  investigation, 
liuii  19  Found,  Buth  thiil  with  incTcjwinj;  pressure!  the 
Togen    diminiahes    /'■'..'    th/in    it    ought    to    according 
Boyle's   Uw.     This  d<>viation    inrroAses   as  the  pressure    hecoraea 
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ig  iHdile  nji  of  viit  fiiirt  wliirJi  stridU 
/ollvH's  li'it/tr'n  firw,  iivl  I'f  anvtiirr 
pad  whkJi  i>*  iiukpemirril  of  t)f 
jn'esm'n:  Denoting  tbe  total^^ 
volume  bj  V,  and  that  part  whiol^H 
obeys  Boylfl's  fa.w,  anil  for  which^^ 
therefore,  iit  ctmstunt  temperature, 
the  e<juation  j/i'  — C  holds  good,  hy 
r,  and  denoting  by  h  lUe  <itlier 
ptrt  which  is  independent  of  the 
pi'ossmii,  we  have  V  =  w  +  6.  Sub- 
stituting for  V  in  the  eqiinLioD 
/rt'  =  G  its  value  V-b,  we  ohtn.in 
^V— /()  =  C  JIB  the  exprcasiini  fi>r 
the  b(!hjiwii>ur  of  hydrogtin  at  nil, 
jiiid  espL'ciftlly  lit  high,  pressures, 

A  clear  picture  of  the  siibstaiiee 
of  this  liiw  will  he  got  by  imaginin}; 
the  hyirogon  to  consist  of  small 
piirticlcs  of  greater  density,  between 
which  is  an  empty  space.  Thi' 
Uitt(-['    wouid     obey    Boyle's     law,       i 


while  the  former  would  repfesent  the  incompressible  part  of  hjilrogen. 

Iii  the  case  of  hydrogen  at  0    and  iiuder  atmospheric  pressure,  the 
value  of  h  amounts  to  0-0O062  of  the  total  volume. 

The  eqUiition  p(V-l')=^C  shows  that  the  diminution  in  volume 
is.  smaller  the  mora  tha  pressure  increases,  and  that  when  the  presaura 
ia  very  high,  V  enn  l>e  only  alijjhtly  greater  tbim  /'-  In  this  ease, 
hydrogen  beLives  jLlmoat  lilce  :l  liijnid,  for  ii  litjuid  also  has  the 
property  that  its  volume  diniiiiishea  only  slightly  with  great  infreiwe, 
of  pressure, 

•   In   the  case  of    the  other  gusea,   the  devJatioUB  from  the  1ai 
pv-UT  arc   gcnemlly   such   thiLt  tbe  gjises   ure,   at   firat,  inorr   con 
pressible    than    according    to   Boyle's   Uw.     At  very   high  presaur 
however,  they  all  behave  similarly  to  hydrognn.. 

90.  Liquid  Hydrogen. — By  the  application  of  very  elfectii 
cooling  arnLngemciits,  the  principle  nf  which  has  boon  pointetl  out  oi 
p.  78,  it  h:ia  recently  beeome  possible  to  nhaerve  hydrogen  in  the  liquid 
utate,  lb  appcar.s  as  a  coloiirlesti  Hipiid,  the  density  of  which  at  its' 
boiliiLg  point  is  only  0"07,  but  which,  nevertheless,  forma  a  quite  visible 
surface  .ind  eshibitfl,  in  all  rcHpocts,  the  behaviour  of  a  liquid  aubetance, 
Hydrogen  boiis  under  atmospherie  pressure  at  -  233 '5',  or  only  ^O'.^" 
above  the  absolute  zero  ;  by  ullowingit  to  boil  under  rediieir-l  pressure, 
this  temperature  can  only  be  slightly  lowered.      At  this  leraparature,. 
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i]|  liijiii'lii  Will  gas(«  '  (oxygon  iUitl  itir  as  well)  are  tmnafoiTned  into 
M  Wii'*,  llie  vajiour  prcssiii'e  of  whicli  is  t'xcceiliiiglj'  amall.  ThiiB, 
iif  (wnple,  if  the  <^loGCtl  cttd  of  n  Wiit  tnbt'.,  lilled  with  iiir.  he  plnced 
tti  i  f»sfil  o(  liquid  hjJrogen  (Fig,  -i:-),  tlie  ufijier  part  at  oncc 
l«eiimei  fme  from  air  and  shaws  a  viipuiiiti  nuch  as  can  svuivaly  be 
limvei  with  ih&  very  Ijcst  pumpa. 

,'»*'  Ayf//w/«;  was  olii;i)n«e(l  by  allowing  Uijiiid  hydrogen  tcj 
m  racuu.  It  formed  a  transparent  ice  with  fmthy  surfacft. 
■  nj:  {Hiiril  [k's  al  about     -  257  . 

'I  Diffusion. ^If  two  cyiir.iilcrs  with  even-ground,  bruad  nme  rvre 
lurti  air  tigliL  oil  otit*  another  with  the  lielpuf  a  little  ^{reiivo  (I'l^.  '29), 


Kik 


no. «. 


Fin.  HI. 


*ft«  tif  iipp<rr  i>nc  hns  been  lilled  ivith  hydrogen,  one  would  expect 
tku  ihr  Ughtt^r  hydrogen  would  remain  alxive  aiirl  leave  the  beiivier 
*ff iBiJtnieiitl).  If.  however,  on  the  iuJIowing  day,  the  twn  cyliiuiers 
W  onfuJIr  Mjiaralcd  from  nne  another  Jind  iramedijili'ly  floa»?il 
If  ^H»  {lUtre  which  urt-  held  jn  reaiJincBS,  hydrogen  will  Ijl;  fuiiiid 
bmL  For  if  u  li^^nii-  be  brought  near,  the  gae  euntaincd  in  both 
fittitn  takes  (irt;,  and  the  j>&lo  hydrogen  Hame  rushes  with  a  whistling 
w  along  Iwl^  cyliinli^i'B.- 
Thi*  Buttitil  uprfAdiDj*  of  tbe  gu^es  into  one  another  is  called 

*  Wak  tba  cmptioo  »f  lii-linm.— Tr. 

*  TW  fcrt   it»«  «l"   f  ■mliiKttoi*  of  IiTilwgen  lieiv  eiLibil*  ulhcr  pimomBiw  th»n 
■I  |»  d«a  to  sdoultutv  KiUi  ftir,  and  Hill  sooa  Iw  explaijirtl  in  JsIaII. 
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itifjusmi.  It  is  ;<.  i|uit(>  universal  |iliui]omeitoii ;  till  'jiisa  (iijfitM 
•)»/'  iinnth-er,  and  lite  dijifui'loii  'lOrx  '»i  iinfil  Mcfi  yni  l-  tmiforinhi  'lu^ini 
ihT<niijh\»il  Ihr  irli'iU'  •tjuft. 

92.  Dalton'a  Law  of  Partial  Preaaurea.—Diaorerit.gnagB.il 

Eaiv,  whicli  iir«  jH'csi'iit  in  tbtJ  same  sjiiicD,  hehriTc  as  if  cutli  were  t 
nlone,  for  unt\\  sf.piir;»t.ely  i^heyji  ihi^  l«w  thnt  m  a  given  spiico  as 
riuli  ill  rest,  until  ii  fills  ilic  sjiafe  uiiiionnlj'.  /W  'jnmMtiK  tfjuUibf, 
IhiT'-forr^  juif  llir  l''l<il  pri^gMre,  I'ut  foi-  KiU^h  ifus  imli/  ih  ^uiiii'il  jn-rssurt 
Ihr  firrisurr  wliifh  it  wintlil  rsint  if  it  iiloitr  mxiiftirfl  flir  jijiinr,  i>  <•/  tii-et 
This  ia  !i  fact  of  great  JmiHirlanw,  sint-e  umny  fiUiei-  ]iIr'iii>b 
exhibitefl  by  gtisea  are  ileterminefi  l>y  llie  piirtial  preasiirea  ot  tHi 
Tlma,  for  examiilo,  the  partial  [iressure  is  the  determining  fiictol 
gtweoiia  equililiriiini  in  cheiuic-kl  prweaacB,  which  will  lie  tonsid 
kter. 

In  ordor  to  express  these  relatiotis  fur  the  pLirims*  of  [ulctil, 
fine  has  only  to  titkc  into  ac(;i>unt  thut  the  Mit.ii.1  pressure  of  »  g\ 
iLixture  is  the  sum  of  the  imrlial  preaaiirea,  and  tliat  ciich  j^iia  p 
is  ijtiifomily  distributee!  throughout  the  siniee,  tLe  total  vuKuiiie 
iherefurt',  erpial   to  the  volume  of  each   gna.      If,  thurcfore,  P  i: 

total      [iriisBiirc     and 
the     tottd      vohiUH-. 
values  for  tbu  Bitifik* 
being  dt'nnted   hy  ;iJ 
Py  .   .  .  and  (',.  i\ 
we     have    the    l-iji 

and  I'l  =  1'^  =  S  ~  ■ 
The  law  of 
pressures  Mhii-h  Iiao 
lioen  stated  was  establigl 
hy  Dtlltoii,  and  ia  afl 
lifter  him.  It  is  s.  spR 
c;i3«  of  A  mui'fi  getiej'ai  It 
acconling  to  whiL-li.  in  a 
given  giifl  mixliire  (I 
compunerits  »f  which 
not  ehemicaJly  ixitcnu 
eAcI)  eingle  gas  Itehav 
with  respect  to  all  j 
properties,  iis  if  it  1^ 
jiloiiu  present  in  the  to 
spji.ce  under  ii  prcssi 
equal  to  its  jxtrtiiil   pr< 

lire.      We  eliall  liii\'o  luAny  oj.iporl Unities  later  t»f  beconiiiig  infijiiaii 

with  individual  enses  nf  this  general  l«w. 

93.  Velocity  of  Effusion— .A  cell  of  yonmfr  tiny,  auch  as  ia 
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■lie  IwiUTies,  is  L'lnsud  Ijy  u  L-ork  through  wlik'li  passes  n  glitss 

'iM'ire  lirn^  (Fi^-  ■'^0),     This  tiilie  dips  into  n  veasti  containing 

mjUiwii  ffai«r,  iiidi  u  heaker  is  im't-rted  over  the  clay  cell.      If,  now, 

t  nful  (-unvnt  tj  U>di'0g'6u  he  pu^^eU  intu  tbc  Ifuiikcr,  a.  atrcam   vi 

\»Mn  i»  •oea  Lo  pa«8  out.  of  the  lower  end  of  the  lulw,  whii:!]:  shwws 

.  tiic  pressure  in  lh<:  iiilel'iur  of  the   oell  Lus  eiKidenJy  iiicreaae-il, 

■idiort  lime  this  ceases  nnri  cfjiiilihrinin  is  cHtahlisheJ. 

II  lli(  beaker  lue  now  renioved,  the  water  ast^tids  jugt  na  quickly 
m  ttw  ttilic,  «  aign  of  'Urr&ue  f;/'  praxiire  in  the  ti'lL  The  HJitur 
Uliint  a  ciiHain  height  and  th«n  sinks  again,  since  ihe  pirroua  cell 
.  nutnCalu  a  permanent  difi'eretice  of  pressure. 
■Vitu  pUenoiQena  are  due  to  tljo  fact  ttnt  hydrogen  posses  much 
n[ji(l]y  ibaa  llif  other  gases,  r.ij.  jiir,  through  small  opern'iif^s 
Bd  u  the  pores  o(  the  clay  cell.  Whieii,  therefore,  the  eel!  is 
adal  with  hydrogen,  us  in  the  first  pnrt  of  the  experiment,  this 
tpBi^tntes  nvpiiUy  into  the  interior,  since  itr^  partial  pro»surei  there 
■  wo.  For  the  same  reason,  the  air  pusses  at  thfl  same  time  out  of 
^a&  uiU)  the  hydrngun  outsidti.  The  movi'ment  of  the  hydrogen 
Uknpiti.'e,  however,  much  more  rjiiickly,  and,  therefore,  an  excess  of 
jntum  i»  pro«inee(l  in  the  interior  of  the  eell,  ii'hich  drives  the  air 
Ml  uJ  itie  tube  in  biU'bles.  Elquilihnum  octurs  when  this  yases  on 
»li!>  *>{  tiie  cell-iv.'ill  have  the  same  compoeition. 
til.  cow,  the  externiki  hydrogen  is  roiuoved,  the  same  processea  are 
rqaud  in  the  reverae  sense ;  the  hydrogen,  on  account  of  the  clttTer- 
«ct  li  the  jmrtial  ^iressurest  passes  oiitwirds,  and  it  ilocs  so  more 
Hwdtlv  iban  the  air  ean  penetnite  inwai'ds  ;  hence  the  diminution  of 

i>'r«nces  of  veloeity,  similar  to  those  which  are  here  found  in 

'  cITuHion  lhri>ugh  the  pores  <ii  the  elay,  are  seen  in  the  ciiae 

■iiisioii  of  two  ^ases  iiito  one  another,  without  a  separating 

Itoch  kinds  of  movement  ure,  indeed,  Giinilar,  but  we  are 

.-  nith  (|uite  the  siiinio  phenomenon  in   the  two  cases.     We 

■■rii.urk,  ^L'lienilly,  that  hydifgen  diffuaes  more  i-apidly  than 

ind  that  the  velocity  of  diH'iiston  is,  in  general,  all  the 

.  ■-.it'-T  ih'-  density  of  the  gus, 

*  SI-  The  Law  of  Effusion  of  Graham  and  Bunsen— The 

Vfriaait  un  th«  >iil]'i;ieri(;L-s  oi  the  velocii-y  of  eC^'n^ian  af  giises  Ju 

ih  tarm  «rv  hnv«  just  lieeii  considering,  is  not  siiitahle  for  qiiantilutive 

^'HlfTinnf      llie  f'Jlowin^,  however,  U  a  suitable  form. 

TW  sppanttiis  in  Fig  31  is  a  ^a.'^-mea^nruig  tube  set  in  a  li<|uid 
■4hlTift^  iwo  murks  wi,  and  oi,.  At  the  upjK'r  end  there  13  a  tap, 
riMih,  kovrei'er,  does  nut  open  free  into  the  air,  but  into  u  s[jace  closed 
tf  kfhia  plAtinum  fkHe.  jiit^reed  with  a  fine  hole.  If  the  tube  is  tilled 
1.  -•" — ii^t  below  the  murk  iii^  with  gas  and  the  taj*  opened,  the  gas 
'irotigh  the  fine  opening,  and  the  timp  ean  be  notod  whieb 
*i«t  ml  tbe  Liquid  i>as6e6  from  the  lower  to  the  highei'  mark. 
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The  oniiniiry  light  of  thu  sun  and  of  many  sKira  uxhibite  Mtiri- 
liaes  at  exactly  the  saoie  points  of  the  sjM!<'triiin  at.  whicli  the  hyiirogen 
lines  appeiir  lii-viht.  Both  kinds  of  lints  are  vi^ry  closely  related.  At 
a  lat«i'  stage  wa  shall  entyr  in  dfllail  into  the  relation  betweon  them; 
wo  would  only  raeiition  Lcre  that  theso  black  lines  prove  the  iiraaence 
of  hydrogen  ivith  the  same  certainty  as  the  Ijright  cwiea.  It  is,  indeed, 
the  same  phenomenon  apj>e;inng  undcj-  diHerent  conditions. 

96.  Hydrogen  burns  to  Water. ^As  a  test  tor  hydrogen,  iu 
combustibility  in  air  hiiH  beL'ii  usiid.  The  question  as  lo  what  thereby 
becomes  of  lh«  bunting  hydrogen  can  be  answered  with  the  knowledge 
We  haw  already  gained.     AVe  have  seen  that  it'on  and  aodiiuu,   bj 


flcCing  on  water,  pass  into  oxygen  compounds,  whereby  hydrogen 
formfid.  Atcoiding  to  thia,  water  ia  a  compound  of  liydrogeit 
oxygen,  and  since  conibiiatioti  consiaU  in  a  combining  inth  oxygen,  we 
ahould  tjxpctt  water  to  be  the  product  of  the  combustion  of  hydryj^cii. 
As  a  nnilter  of  fact,  wc  can  convince  ourselves  liy  direct  e.icperimenl 
that  waU;i'  is  tho  product  of  cOtnbilstion  of  hydrogen. 

If  a  large,  dry  beaker  be  held  mer  the  ilame  of  burning  hydrogeu, 
a  dew  is  quiokly  fui-myd  which  looks  exactly  like  the  film  of  moistiufl 
on  a  cold  wijidow-pane,  and  behaves  like  it.  Special  arrangc- 
raents  arc  necessaiT  if  it  is  deaircd  to  collect  the  water  in  larger 
quantities. 

In  Fig.  34  a  biimer  is  represented  (ef.  p.  101)  in  which,  by  meiuis 
of  piirfl  oxygen  convoyed  to  it,  hydrogen  can  bo  bnined.  Hince  large 
amounts  of  heat  are  hereby  produced,  tlie  burner  is.  placed  in  a  wide 
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P  gUsi  Huk  which  can  he  cooled  by  HUrrDuiiding  it  with  water.  If  this 
jtppnraiHs  is  put  iti  jictioii,  a  few  culjic  cfiitimetres  of  a  colourlciss  liquid 
s04)(i  L'olluct,  which,  ill  :ill  itjs  yjropLTties,  shows  itsulf  tci  be  pure  water, 

I  It:   Combustion  of  Hydrogen  by  means  of  Oxygen  Com- 

pounds.— V\<r    rhe    foiTiiatiuii    of   \viili:r   il  is   not   iieci:Hsaiy  lh;it  the 
oxyg«[i  be  [ireaented  as  tho 
free  el«]iiieiib  to  the  hydruguij; 

ojtygeii  compounds,  oro.viduH, 
I  can  also  be  need  for  the  pur- 
f     {lose,     [f  hydrogen  be  passed 

over  oxide  of  mercury  p]iici;d 

in  »  biUb-ttiVw  (Fig.  35),  no 
■  Action,  certainly,  takes  place 
I  at  ordinary  tamperatures ; 
I     60    soon,    however,    as     the 

oxiJe    of    mercuiy    ia    'Wf 

fiiHif    litat-ed    metallic    mer- 

fiiry  makes   its  appeiiraince, 

and  wvi/r-r  is  dt'poaittjd  on  the 

colder   piirts   of    the    tube, 

first   as    dew,  and    tlien  in 

small  drapa. 

Quite  similar  phenomena 

iire      observed     when      tfie 

oxides   of  other  metulH   are 

used    in    place  of    oxide  of 

mercury.     By  heating  njitlif  «]'  Imd  in  ii  etiniint  of  hydrogen,  metallic 

lead  and  water  are  obtained.     Tlie  oxide  of  fead,  under  the  name  of 

litharge,  is  oblained   in  birge  qnaiititieS'  by  heating  metallic  lead  in 

air,  the  lead  hereby  combining  with  the  oxygen  contained  in  the  air. 

When   f}-iwr  (iji<ip,   obtained    by   BtniMgly   heating   eop[]er   in   air,   is 

heat«d    in   hyfli-ogen,    red   nietaJlic   copper  and  water  are   produced. 

Hydrogen  may,  therefore,  !jc  used  for  thti   purpose  of  obtaining  the 

raelaJs   from   their  oxi(Ie«.     This   methotl   tinds   no   application   on   a 

large  scale,   bemiiae  there  are   cheapcj*  meaas   of  eflecttng   thu   Bumo 

i-CsiiIt ;    for    scicritifii;    work,    low<!ver,    »neh    methodB   are,    not    un- 

freijiienlly,  '.iiipl'nL'd. 

9S.  Reveraed  ProcesaeB. — The  proce&ses  we  have  just  deseribcd 

take  jtlact^  aecnrding  to  a  scheme  which  is  similar  to  that  of  the 
displaeenifiit  of  liydrOgen  from  WatUi"  by  iron,  only  that  the}'  represent 
ihe  reTcrae  process,  the  displacement  of  a  metal  from  its  oxide  by 
hydrogen  fp.  -83). 

It  is  therefore  of  interest  to  a.sk  whether  hydrogen  will  not  also , 
displace:    the    (Vcn   from   iron   oxide,     IE   the   previous  eKperiraent   is 
repeated,  using,  hnwcvur,  oxide  of  iron  in  place  of  oxide  of  mercury,., 
q«i»  similar  phenomena  are,  as  a  matter  of  fact,  observed.     Water. 
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iigiiiti  TUfike.i  itij  appeanu)cc,  And  the   uifiiii;  oi  ii-ati  pfistifis  inio 
Tliig,  it  is  true,  does  not  look  like  orrljnuty  iri>n,  but  has  the  »p] 
ance  of  u.  black  powder.     This,  liowcverj  is  due  only  to  the  fact 
the  melting  point  of  iron  is  much  hisiher  than  the  temperature  it 
is  reached  iri  the  bulb  ;  the  iron  particles,  tijiTefow,  cannot  iiuite 
coherent  mas^.      If,  howevt-r,  fifter  cooling,  ihe  conlenrs  of  the 
are  taken   out  bjkI   rublied  \vith  a  smooth,  hard  oltject,  the  mel 
lustre  and  the  yrey  njloiir  of  ifoii  are  seen. 

Th«  intcraetion   between  iron  and  aqueous  vapour  can,  th 
be  reveraed,  and  if  we  write  a  chemical  equation  in  the  fonn 

Iron  +  water  vapour  -  iron  oxide  +  hydrogen, 

it  tan  be  read  in  either  direction,  the  aubstancee  on  the  left  t) 
capable  of  being  converted  into  those  on  the  right,  as  wol 
convereely.  Indeed,  mora  t'xaet  investigations  have  shown  that  i 
of  these  opposed  reuclioiis  can  take  place  at  the  same  teinpenvtura| 
yy.  Thi?  Chemical  "Forces." — Such  a  behaviour  13  tontradia 
to  the  notions  about  '■  displace  men  t.,"  indicated  on  p.  H^. 

In  the  sense  of  iLia  theory,  tlie  force   between  ii'on  and  03 
miislt  acconling  la  the  experiment  described  on  p,  83,  Ijc  gix'ater, 
that   between   hydrogen   unci    oxygen,    Ihecaiise    iron    deconi[>o8ea 
water.     Converaely,  according  to  thct  experiment  on  p,  09,  the , 
between  hydrogen  and  oxygen  ie  gi'eater  tlan  that  between  ii 
oxygen,  beciuise  hydrogen  decomposes  the  oxide  of  iron. 

Since  it  is  imj.ossible  for  both  propositions  to  be  correet  a.^ 
eanie  time,  it  follows  that  the  l/teori/  which  leads  to  these  proposffe 
mnsl  be  false. 

1 00.  MaSft  Action. — As  n  mutter  of  fact,  the  invcetigation  oH 
and  of  similar  cases  has  shown  tliiit  not  only  the  nature  and,  sayJ 
temperature  are  the  determining  factors  for  the  occurrence  of  a  eh,ea 
process,  but  also  l/if  riitiv  n/  tin-  gulmiiincrs  presfnt  io  the  'jiren  ivlnii 
the  niM€iiintlion,  as  well.  In  thu  present  case,  the  water  Tiajxturl 
on  tlie  iron  till  a  certidn  amount  of  it  hiis  been  converted  l 
hydrogen,  and  a  detinite  ratio  between  the  hydrogen  and  tlie  Wl 
vapour  obtains.  Conversely,  iron  o.xide  ie  decomjjosed  by  hydii 
till  a  definite  ratio  \s  established  bet^veen  the  hydrogen  remaiuinH 
the  newly  fiarmud  water  vapour,  a  ratio  which  is  the  mine  h*! 
prinl'ircd  h't  ilte  rirt:rgc  iwlUmL  1 

A  mixture  of  Iiyib*ogen  and  water  vapour  corre6pon<ling  tol 
ratio  ficta  fieithei*  ox\  iiori  nor  on  iron  oxide,  Tlio  ratio  is,  mDrfld 
also  dependent  on  the  Innjierntine.  I 

The  two  apparently  opiKised  experiments  of  p.  83  and  p.  99  j 
ceed  as  follows:— [f  iri>n  is  heated  in  water  vapour  a /nyi/iW  of'' 
latter  in  deCMiiipofliid,  and  a  foncfiponding  fituount  of  iron  oxide  form 
The  ^aa  mixture,  on  being  cooled  in  the  ptteumatic  troujj 
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nln  npour  it  oonUtiifi,  which  scgtanitcs  out  in  the  iU[}i\^  stnte,  and 
dy  bviirt^ii  is  colIeetetL     This  is  the  exjieriraent  of  p.  83. 

Oa  ihn  other  haiu),  if  hycli-ogoL  be  coiniiicted  over  hot  iroa  oxida, 
■  f  it  ctiTtiI)ii]C5  with  the  itxygtiu  of  the  latter  to  form  water; 
■ruoii  (jf  the  hydptiyon  remniiis  uiichaiigsd.  Oii  passing  the 
WHurr  tiinjugh  the  (."jlder  jmrt  of  tliu  liulb-tube  thu  water  etparatea 
(SI  H 1  liijuitl  oJiii  hucomoa  visible  ;  tb«  raniiiining  hydrogen  escapes 
wnvbccd  In  this  way  the  notion  ariset?  that  in  hnth  caaes  entiT'ely 
cfputit*  reactions  ijiVc  [tlaec. 

JOl.  Chemical  EcLuilibrium.^ Where  two  opposite  proceaaeB 
DDlaaUir  limit  uiie  another  the  state  is  ii;il]eil  one  of  chiiiiioil  fqiU/ihmtjii. 
Wiunas  fomterly  the  view  was  lidUl  that  Biich  a  tiling  oi;ciu-a  only  in 
uofptioiul  cases,  lhi;re  is  now  reason  to  assume  that  alt  chemical 
nvcww  leid  to  a(i  equilibriiins.  In  many  cases  of  chcmicaJ  cqiiili- 
Ifiam,  bowe\-er,  the  concentrations  of  some  of  the  reacting  substances, 
wnsijwiiiling  to  «iiuilibrium,  are  so  small  as  to  eSfupe  the  orciiuBry 
■U  of  detection.  The  impression  is  then  produced  that  the  ro- 
*rtiwi  laki-s  placo  only  in  one  direction, 

A  long  historical  development  lies  buried  In  the  statement,  that  at 
*  ^na  tempei'aturo  chemical  equilibrium  is  dctermiiicd  by  th« 
*lMMimu  o£  the  reacting  substances.  For,  although  the  fact  that 
iWqnuitity  relations  of  the  reacting  substances  exorciae  an  importiint 
■doKite  Oil  the  chemical  eijuilibrium  had  been  already  known  for 
«»»lmndre«l  yeiLrs,  it  was  %  very  long  tiuiie  before  the  cocrect  form 
^  bund  for  the  law  which  obtiLiiiB  here.  From  the  usual  name, 
Wi  idiMi,  one  might  conclude  that  tho  mass  or  amount  of  ths 
n«^  subsuuicea  is  the  det«miinii]g  factor;  this,  however,  is  not 

Let  ut  now  suppose  a  state  of  equilibrium  established  tmder  girea 

Wdllinn  botveen  the  substances  just  conaidered — iron,  iron  oxide, 

^ifrqgan,   and   aqueous   TaiK>ur.      Push,   now,   a    piirtition    into    the 

*nd  in  which   th?  above  substances  nre  contained,  bo  that  a  pai't  of 

iW mixed  gaacs  is  shut  off  from  contact  with  the  solid  substances;  no 

imp  in   iJu*  eqnilibrJntn  can  be  thereby  produceil.     For  iho  gitsai  \ 

^IR  ia  «{uilibrium  with  one  another  and  with  the  solid  suhstaiiceSf 

Md  Mioiltbriuui  in  a   uriifumilj'  tilled  sjiaco  occurs  nt  fifrij  jmnt,  and 

Wdt  tbcroforct  be  dependent  on   the  size  of  the  space  lillcd.      Hy 

Ikt  Npuation  hwi*  imagined,   however,   the  nhsohlt  amount  of   tha 

Ma  niuilibriiun  with  the  eolid  aul>Etances  is  changed.     Tlii.'  ubso- 

)HB(NUits  cannot,  thcE-efore,  b«  determinative  for  the  etjuilibi-ium. 

lljr  Uie  >e[jaratiQn  the  gases  present   have  been  Repar-alod   m  the 

t  fttfurtioh*,  since  they   wi^re   uniformly  distrihutorl   tliiouf^h   the 

llMlt  tfmet ;  otherwise  no  etjniiihriuni  would  havi;  Uken   plavo.      It 

I  diarcforp.  the  rrliUirc  niiu>iiiil\  or  the  ratio  of  the  anioiiiits,  of  tha 

m  tbt  dotcrmine  the  ciuilibrium. 

Tbe  xinipWt  and   meet  appropriat«  expi'ession   for  the  »nUinti.Ul 


^. 
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.  tiMn  bjr  Cbfl  non-essential,  aljaoliite 

mtta  pHWHit  it^mtd  tvivmr,  or  the  wKfrntrnlinH.i 

iMUk     This  IS   tile  expression  nhtch  ire 

'  ^-un  «•  from   tliis  exfimple  of   what 

UMpiifmlrn  is,  by  which  we  cxyji-eaa 

uvetofHBOit  uF  tUe  ibeory  of  chemical 

.---latMi  on  tbe  fact  thnc  the  concentrn- 

•^■■t)  «•«  inirodiicp()  ns  the  deteiTninino 

, mmI  oUMnpts  hnil  hctii  itiudc^  to  find 


^ 


-^^'^-f   Sttbstances  on  Chemical  £q' 

-IS   Well    till'   wfiec'iiil    lair   that   Ih. 

vil»c!«.y  oil  chtmittil  rqiiiUhmmt.      For 

,vTse  ts  express<>d  by  their  oxtensities, 

■utll   tb*  pT«esure   iind    the   t^i'inpcratute 

•  !*(iiaU  vxtent  that  it  is  of  no  account 

■nin,  aiiueous  Tfipoiir,  hydroi^eii,  and 

0   iiiitiHen^nt-  how  iniieh  of  th?   two 

uu   •.txklc,  is  present,  and   in  what  pro- 

.,..1  v'liiowliat  strange,  imd  was  formerly, 

.  jltL     One  ciin  convince  oneself,  however, 

■  n  hjr  the  atiniei  co'iirse  of  reasoning  aa  wc 

.,■  -.4  ihp  gftseoiis  portion  ;  if  eqiiiliitnLim 

.i:nu>t  l"c  (fcUered  hy  »  sgmliiil  Repitrfttiuii 

.iMiu  inhifh  is  in  equilibrium  from  the  oiher. 

-■A-i  mot  with  more  simple  ciwea  of  the  same 

■   '.■fi  Ui»u>r  Jind  ice,  or  gt'iierally,  bietween  » 

.i™,\l   iwrni  at  the  temperu-tiire  of  fusion,  is 

(ite  •dioiint    in  which   the   iwo    forms   ar^ 

..ii't'  KmMs   for   tho   enjuilibniim  between   a 

Mtoiviso,  als*>,  in    the    somewhat   more 

til  hi>twctn  a  solution  nw\  the  solid 

I. III.  is  Sill  lira  tcjl. 
■ivtwl  put  forward  the  general  expi-esaioj 
-  ■'>  yniiiirsii  "/  l/ir  Kirnir  si/nlcm  tlu-  nbsah 
■•,jimt,  huf  iijih/  the  fDnt-cnlwliimsmih 


IV, k'  N'«v-*  ritini?.— The  large  nmount  of  he«t 

,     ■■.n-i\  fiiuflCB   the  tem[jeraturc  of   th 
,,,  ,..ml.      In   tho  c-aai!  of  cooilmstion 
lifttt  «.'  Iiigli.  sini-e  the  heat  is  distrihut 
>.<   ;{).  li-t),      MiU'h  higher  temperatur 
■1  in  i»in  oxygen. 
<«\^  WM>*1^V  Uilti'  plHce  in  the  DavifU  hvrnrr  ^ig 
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ffuptrtiti  in  ftygtiils  which  can  vary  at  all  with  the  direction  arc 
AfNodent  on  this. 

InconlratliBtiiictioo  to  the  crystalline  siibBtanccs  which  poBseBB  the 
peniliarily  jiist  mrntinned,  thero  are  the  nmcrfh/'ns  Biibfit-ificea  in 
fhkb  ihiil  poculiiirit}'  ia  not  jjresent.  Cihisa.  for  exanijilo,  k  an 
■■Jiliims  suWlaiKc  Twn  m.is,  cut  in  any  directif-n?  out  of  a 
pi««  of  gliHs,  Whavc  in  all  respects  identically  when  they  have 
&a  mme  shape.  On  the  other  hand,  two  rods  of  tee,  on*  of  which  is 
adi  mr,  fnrsUel,  the  other  perpendicular  to  the  face  of  a  nattu-ajly 
iomrd  sheet,  behave  difleiontly  ;  for  example,  one  breaka  much  more 
amiy  than  the  uther. 

The  cryBtalline  nature  is  seen  moet  clearly  in  ic«  which  bftg  been 
fUtUfeMtttne  it«  shape  [indistiicht-d.     Thus,  tiie  ice  on  Uio  surface  of; 
ouctas  iif  wattT  first  forms  in   long  needles,  joined   to   one 


Mil,  w. 


mW  at  *n  angle  of  60  ,  anit  the  ice  Ho^t'ers  on  nindnw-panes  are 
vile  an  axprrsaion  of  the  vryatalline  natiue  of  ice, 
TW  cTTBUiU.  however,  of  which  sfnr  cnnsiBts  cfin  form  in  the 
■  dMtarti«>l    manner,   for   they   form    touting  in   the  air.     Aa   a 
;certKinly,  these  cryataU  are  sin;i)l  and  indiBlinct :  under  certain 
however,  tbfiV  grow  go   UirgO   that   th«y  cAn   ho  sMn 
th»  naknl  aye.     They  then  usually  appear  as  flat  stars,  developed 
lo  a  threefold  feynunctry.     Some  snow  crystals  arc  shown 

TW  pTTTporty  of  occurring  in   crystalJina   shape  is  a  very  wid*- 

p«caliaj-ity  of  muhd  siil istancvs,  nod  the  formation  of  crystitU 

gMUnlly   Ik)  ik>nor«d  as   a   property  nf  pure  Bu)>etaiir&s.     The 

■talc,   on  the  otlier  hand,   ts  confined  almost   entirely   lo 

Th«  cryatalline  form  is  an  in)]M>rt3ul  characteristic  of  solid 

and  we  thall  repeatedly  have  an  opportunity  of  diaciisBing 

nlaciona  later. 

11  r    Snpercooliag. — The   formation  of  ice  in  water  which   hh» 

r».lr<l  to  'J    .t'JM   niit   iieceaaarily  occQr.     On  the  contrary,  witli 

esre,  «nucr  can  he  cooleil  to  several  degrees  helow  zero  without  it 
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,  •  s  iii'c  diK'  the  (lis.' 

■  ;.iiv(!    witli   the    i>i'« 

-    ■      i^'r   i.s  sliiiwji    in    !'ii 

■i^li'T  "peii  at   tlie  Im 

I'iii'  tiilif  fiiinislK'i!  V 

■>\   witluli'awiil   of  tfii' 

^'liiiiii^'  ai'i'aiij^ijiiuiiit  tilt 

■■,  itiiii'il  by  till'  intrudi 

■■,  lilt'  pxA  can  111!  rediK 

-.'i-i',   Idit   it.  lines  not  n 

.-.:  of  the  1,1-11. 

,  ■   aiiioinit.    nf    water    whi 

-  t\>r  small   ii]ii'ratiims  or 
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icjtinder  iinidf  the  vessel  of  water  in  auuh  ^  way  as  to  leave 
Qulor  space  lilted  with  wai-or  (Fij^.  39).  The  iurier  cylinder 
■l  die  U>p  ur  rBmaiu  open.  Ill  tbe  liitter  cuae  the 
ee  «  tlouhUct,  hut  the  completu  expulsion  of  tlie  gus  is 
lUe.  It  is  the  fyrm  which  is  must  largely  employed,  and  it 
fail  |irimj|ile,  niui-e  purticularly,  thiit  th«  eiiormona  gasometers 
pt  luutinfiutoriea  are  huilt. 

^•bol<3i*r  without  movable  [KM-ts,  wliich  is  krgcly  ii8i<i]  ca 
jri**»  is  shown  in  Fig.  40.  Ti:i  iLac  this,  it  is  fii-st  fil]e<l  with 
^m  th(!  giis  is  then  introduced  either  through  the  tube  h  ov 

TOig  ttc  diilivery  tube  of  the  ^etiecntor  _  

luliiilu!  ^.     In  either  case  the  displaced 

r\  out.  throujrh  the  latter.     When 
has   lnwn   lilleti,   tha   tiihtilus   s   is 
by  ft  screw  cap  aiwt  the  tiip  /■'  Also  closed. 
[thfitt   |Kiiirfd  into  the   iipjMir  vessel. 
Kg  the  tiip  'P,  water  tiows  intn   tho 
sitbjeet£    the   gas   to    n    pressure 
ing   to   the    height    of  the   coliiron 
Under    this     pressure     the     giia 
•hen    the    tap  A   Is   uperieU.      When 
U  required,  tbe  ta.\7s  v?  and  k 

art  tube  ij,  which  ia  furnished  with 
be  used   for  filling  larger  vessels,      j  U   i_       •  ';';"' 

jkUiced    mautli    downwards  in    tbe     P-i-i  -  -      - 
el  of   water  over  the  open    end   of  p,,,  ^ 

\g.      On    opening    w   and    ;;,   water 
rn  through  u;  and  a  correBponding  amount  of  gaa  escapes 
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1*  vfttttr-lavel  r  aervee  to  indicjite  how  much  gas  is  present  in  tbe 
I'ii-r,  whcrt  tlic  latti't  ia  not  mjide  enUrely  of  glass, 
4  Detonating  G-as. — The  Daniell  hurner  is  so  arranged  thut 
i>i  g^iMis  can  only  mix  inimeiLiutcly  before  they  are  buiiied.  If 
aplwi  to  previiiiisly  mix  oxygen  and  hydrogen,  so  as  to  be 
rn  thuiu  from  a  aiiigle  IuIk;,  it  is  found  thwl  the  whole 
lized  giues  inxtiuilly  talies  tire  and  combines  with  a.  loud 
tcssitI  usually  being  shattered.  This  explosion  ia  very 
with  soniewhuL  larger  quantities  becomes  dangerous.  One 
jivoid  inllaming  mi.iitures  of  hydrogen  wid  O-M'gen 
,  eiiiuhle  precautions,  tiucli  raixturea,  c-JiJled  ddtmatiag 
formed  when  i\  freshly  charged  hydrogen  apparalua, 
Ily  filled  with  air,  is  put  in  use.  If  the  ^s  which  is 
ht  CoUectM  in  small  tube-s  and  brought  into  contact 
tbe  first  auinplcs  liehave  like  nir  and  exhibit  no  special 
Soon  «  giw  ig  obtained  which  takes  hrc  with  a  wUislling 
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noiae,  the  flame  niahing  into  tlie  tube.  These  plienonienii  first  b« 
more  ni-arked  and  thon  waakcr.  and,  at  Imigtli,  wiieii  :ili  the  oi 
heen  driven  out  o£  ths  apparatus,  the  gns  hiimB  (juifltly  jtist  at 
hydrogen  does. 

On  itr-.rounf.  iif  llie.  danger  of  an  cxf>iosum,  one  wusi  never  omit 
in  i/ir  iiJiwf  iiwmiJV  Ihf  hfiimieii  taken-  frinn  a  ifnirnil'tr  or  t/as-, 
which  h\is  .tkroil  s-mf  Unit,  lo  stf  if  it  rj^pltxks.  Sfauiild  it  expUxJf 
ga&  niuat  be  alloweil  to  stream  for  aome  time  out  of  the  gent 
antit  ii  sitijiple  in  a  small  tube  is  shown,  by  its  combustion,  ti»  Ikj 
The  contontR  of  a  gas-bolder  must,  without  fail,  lie  rejoctpfl  if 
have  assumed  cxploei^'e  pt'ol>orties. 

The  characteristic  pnipfrty  of  the  explosive  mixture  is  seen 
clejifly  by  pruporing  n,  mixture  of  two  vohimes  of  hydrogen  aw 
of  oxygen,  and  passing  it  into  soup- water,  so  th;it  a  fcoth  of  l>u 
iitlod  with  the  expl<*5ve  mi^tture  i*  formed.     H  this  froth  be  st 

(cafter  the  rest  of  tht'  mixture  has  beeu  removed)  it  burns  H 
>ort  like  the  shot  of  a  gun. 

105,  Further  Particulars  concerning  the  Combustioi 
Detonating  Gas.  —  Whib  at  cotiiiiatntivcly  high  teinporatiiTcs 
combitialioci  of  hydrogen  and  oxygen  tjikca  plaue  with  great  viol 
the  two  gases  can  be  left  in  coulaet  with  one  another  at  the  ordi 
teraperaUire  for  a  vary  lon^  time  without  chemical  action  uking] 
between  them. 

This  behaviour  changes  when  certain  metals  are  introduced 
the  gaa  mixture,  and  in  this  respect  jihil'mnm  (p.  60)  is  the  j 
effective.  If  a  piecii  of  jmir  ptatiniim  foil  tie  allowed  to  projecG' 
a  tube  contain iiiw  the  esplosive  mixture  Btanding  over  nrater; 
vnlLuie  of  the  gaa  €[uickly  diminishes,  and  in  certain  cireumauinca* 
platinum  becomes  so  warm,  owing  to  the  heat  of  combination,  td 
glows  and  cauaes  the  exidoaion  of  the  mixture.  \ 

Since  the  platinum  foil,  being  a  solid  Eubatance,  can  act  only  flj 
wurfacQ,  its  effect  increfisca  as  the  surface  is  enlarged.  Piiitinn 
he  obtained,  by  means  of  chemical  reactions,  in  a  finely  divided,  sp 
state.  .Such  sjnwyif  jil'titnum  very  quickly  becomes  incAiidcscent  ii 
explosive  mixture  and  (^ansea  an  explosion. 

To  moderatB  the  reaction,  the  spongy  platinum,  in  the  form 
]Kiwdei',  ie  mixed  with  etay  and  formed  into  balls.  The  mass,  acte^ 
hy  the  heat  produced  is  thereby  inureasod  and  the  temperature] 
lower;  these  balls,  therefore,  efl'ect  a  fairly  rapid  fonuation  of  « 
from  the  mixture  of  oxygen  and  hydrogen,  but  not  ignition, 
upparntus  in  which  this  phenomenon  can  be  well  showii  is  reprcat 
in  Fig.  41. 

Many  other  metals  act  in  the  s&me  way  as  platiunm,  ma 
them,  however,  only  at  a  somewhat  higher  temperature. 

The  platinum,  and  no  less  the  other  metals,  undergoes  no  eh 
during  tbia  actiO'U.      Also,  a  given  small  quantity'  of  platinum 
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convert  tinlfmited  amounts  of  the  explosive  mixture  to  water ;  the 
action  of  tbe  plittinum,  therefore,  rloes  not,  as  in  the  case  of  n  chemical 
eom  hi  nation,  take  place  in  definite  proportions,  but  is  inU^'P^ndcul  of 
tht?  rela.tion  between  the  amounts  of  the  gas  mixtiirL'  and  tht- 
platinum. 

Keactions.  of  this  kind  occur  verv  freijuently  in  chemistrj-.  Noi. 
only  can  oth*r  gas-mixtures  he  caused  to  entrr 
into  chemical  ri-actioii  by  means  of  plfitiiiura 
and  othsr  nioi-ilB,  hi!t  iiqiijfl  and  gnaeoiis  giih- 
stancea  also  can  exert  such  ru:Uoiis  in  liquids 
and  gases ;  by  means  of  thiise,  ehemicnl  co- 
actions  which  do  not  or  do  not  appreciably 
take  place  without  ihem  pmoeerl  mpidly,  and 
the  acting  anbatances  Cnin  cause  unSimitfJ 
amountii  of  the  othor  anhsiancea  to  react, 

106.  Catalyaia.— For  the  sake  of  having 
a  short  designation  for  th«s(!  im]iort)int  pheno- 
mena, we  shall  call  iictions  of  this  kind  aifdh/ik. 
The  snl«tance,  through  the  preflence  of  which 
the  a^'lion  takes  place  without  itself  pasBing 
into  the  prodiicls  of  the  ra-iction,  is  cjdled  the 
talalifiic  fiiiJinliin^i  or  *'tUali/N-r.  The  prfMiefls 
itself  is  called  cuintj/m. 

To  ^in  ail  understanding  of  theae  pheno- 
mena we  recall  the  consideration  put  forward 
nn  p.  6-'',  aecirdinj:  to  which  innum-jrablc  sub- 
stances, between  which  chemical  rwictions  could 
occur,  can  remain  in  contact  with  on«  another 
without  our  being  aide  to  fletect  such  actions. 

At  that  timo  it  was  exphnined  thsit  the  irioBt  appropriate  interpretaition 
of  these  facts  is  that  in  all  auch  cases,  the  possible  chemical  rcaetion.s 
do,  SB  a.  matter  of  fact,  take  place,  hut  to  such  a  small  extent  or  with 
nicli  slowness  that  they  cannot  be  detected  in  n  measurable  time. 

The  fiiilowing  shows  that  this  view  is  rjuite  compatible  with  the 
universal  experience.  By  time  mGasuremeiits  of  the  process  of  many 
(-hemical  rcjictions.  the  iipproximate  nde  has  been  obtained  tkit  the 
velocity  of  chemical  reaction&  is,  on  an  avenige,  doubled  by  a  rise  of 
10"  in  the  temperature.  That  is  to  say,  if  a  reaction  at  a  given 
temperature  re<[uiren,  say,  a  ijuarter'  of  an  hour  to  reach  a  certaiu 
point,  at  a  temperature  10'  higher  it  -Honld  retjiiirG  only  Tj  minul 
and  at  one  10"  lower  30  minutes.  If  the  temperature  is  Ic 
100  a  2*'*-  lOirt  times  longer  period  h  necessary,  or  in  our  e 
aljout  1 1  days.  On  desiccnding  farther  50  or,  on  the  whole,  only 
moderate  amount  of  150  ',  it  would  be  a  year  before  the  rciction. 
jjrOc««'Ied  &o  fur  as  it  had  done  in  a  quarMr  of  (in  hour  at  the 
temperature. 
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It  agi'oes,  therefore,  very  well  with  genonil  experience  to  t 
tliQ  juissiUc  ctminical  reactions  in  tlie  coses  mi'iitioiied  as  m 
(Kcurring,  antl  eBcajiiiig  detuctioii  only  through  tlieir  very 
velocity.  So  alB&  the  haightof  &  hill  or  the  form  of  a  wast  B.p 
to  lis  as  soiuethiii;;  clt'linitii  tiiid  unchangeable,  although  wti  knoM 
every  hill  is  uiicoaRiDj:ly  becntning  lower,  by  the  grfiduftl  falling  i 
of  the  rock  of  which  it  uonsiBls  into  the  >'alley,  and  thai  i 
coast  is  i-hmiging  its  &hape  under  the  action  of  the  wavea. 

SuOsliiit-CfS  hi/ whvKf  yrcsetta;  slcviU/  acfurfinu  rcarJioTis  arr  aaxU 
tire  itmijiiiilril  us  /tositiw  mtutpen.  Since  we  are  dealing  here  only 
changes  in  the  velocity  of  reactions  which  would  take  placo  ill 
case,  these  catalytic  actions  lose  to  a  ^eat  extent  the  ([ualily  o 
ex|}twted noss  which  nt  first  sight  they  appear  to  havo.^ 

To  ohtaJn  :t  iiicture  of  the  way  in  which  a  catjdyaer  acts,  iinag 
wheel-work  in  which  the  axles  mo^c  with  ^ent  frictinn,  aa  ii  nl 
say,  of  the  oil  having  become  thick,  and  which  therefore  runs  \ 
only  very  (^lowly.     If  a  little  fresh   oil  he  platced  oa  the   axlej 
wheel-woik  foithwith  niiis  dawn   much   uioie   tjuickly,   althougi| 
Available  tenaion  of  the  epHiig;  (which  corresponds  to  the  wor)c  I 
ftble  from  the  chemical  reaction)  is  in  no  way  altered  by  the  oil. 
action  of  a  catalyser  may  be  eompiired  with  that  of  the  oil  ii 
respect,  and  also  with  respect  to  the  fact  that  the  oil  is  not  used 
acting. 

We  ahal!  soon  have  ao  opportunity  of  studying  other  peculia 
of  catalytic  action^-  ' 

'   BvKiiLvs  tlie  piititivt  cntnlysers  or  acBihratorji,   nrgiitkv  vKiiywn  or  relanb 
dlM  Uuowii. 
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WATER 


.(17,  GfH^raL' — The  [Ji-oducl  o(  the  intemctioti  of  oxygen  and 
tfitn^D.  or  the  compound  of  tbeac  two  elenienta,  has  sliuwii  itself.  £11 
rf«tijr*ti<nis  of  this  point  which  have  been  miide,  W  lnj  identical 
lIiB  miJcr  which  we  Hud  bo  very  wnleij'  diatributcd  in  nature,  In 
ice  with  the  law  of  the  ideiitity  of  the  prcpei-tiiis  in  it!l 
of  ft  givL'n  substiuu-e.  vt  may  proi/eed  to  ;i  stientific 
ttior  of  wnler  with  tliat  which  occurs  ready  foi-mcd  in  nalnre, 
liariiig  first  to  prepsre  it  for  this  pui-jjoae  from  ila  two  elenicntfl. 
M'liwr  ui  one  of  the  moat  widiely  distrihuLed  siibsUmces  in  natur(<. 
only  arc  ^l^^^  of  the  earth's  surface  covered  witSi  liijuid  water,  but 
■ImoBphiTi.'  iilwii  L'ontains  enornioua  qiianliticM  lof  water  in  the 
taemn  ttate,  »ml  in  t!ic  ]irrlat'  repoiis  and  moiint»i[i  heights  RohM 
;ts  all  csEuntial  sliare  in  th«  structure  of  the  cartti'^  surfrtco. 
U)  this  lite  solid  portion  of  the  earth's  surfaDe  is  ev€ry- 
ie«t«4j  with  wnter :  water  is  i iidisjicnsable  for  tko  buitdiiig- 
i^uiuM!  ve^lable  fuid  aniinnl  structures,  und  whero  organic  lii'«  is 
■    .ilsu  i^  \v;iter  present. 

Preparation  of  Pure  Water. — Xaturally  occurring  water 
i]tuli3  jitu'e,   siiKe   it   always  t:onies   inlo  eontiict  with  othiT 
and     partially     <liswolves    tli^nir      The    prtparattoii    of 
'KBiluirly"  pure   water  ia   an  impossiliilily,    for    the    very    reason 
4110  catiiiot  exclude    vos&els   of   Bome    kind,    some   portions   of 
c&n   alway*   be  dis'solved.     On    the    other    harid,    it   is   not  a 
of  very    great   dit)ji;idty   to   prepare  a   water   which,    towards 
tHts,  lH>tiaves  IIS  pure. 

mcth'xi  moftt  iiaeJ  Uir  obtaining  such  a  water  is  to  i-onvert  it 
■ily  iniu  fiifjotir.     The  impuriucs  present  in   natural  WHter  are, 
^  the  m'rft  part,  not  meseurably  volatile  at  the  tpingiurattire  of  botlinj; 
t,  lOQ  ,  am)  therefore  remain  l>e)iinti  when  the  water  is  converted 
IT^vur.     Some  occasional  imi-untiea,  however  (eiipci:ially  aniuioiiia 
lie   acid),   arc   more  volntilc   than    ivjiter ;   they  ]wse  over, 
afanoet  entirely  with  the  first  {)ortions  of  the  vapour. 
JO? 


126  PRINCIPLES  OF  INORGANIC  CHEAnSTRV 

tuiiiB,  on  iin  avct-ago,  unly  lliree-fuurtlis  of  this  »muunt  The  K 
varit'8  with  the  state f£  the  weiilher,  and  oue  eiieiiks,  tliLircfnra,  of 
or  dry  air.  Still,  air  which  is  called  moist  scarcely  ever  cont« 
much  water  vapoiir  as  it  could  contniii,  and  nir  which  ia  calle 
mfij  contain  as  much  as  li:ilf  the  maxiniiim  nmount. 

The  taiisi;  of  this  Eiee  m  the  greiAt  varia-hlt-tiesa  of  tlie  vapour 
sure  with  tie  ifnipienilui'e,  as  is  seen  from   the  following  l;iliic, 
giv«8  the  amount  of  water  in  gra.iaa  contained  in  1   vc.  of  air  i 
satuiation  point. 

111  gm. 


^  lit  one  jioiul,  the  aii-  has  taken   up  ns  much  water  vapo: 

mresitoiidii  to  the  vapour  preasuri':,  and  it  renches  a  plttee  whfl 
hecoTues  warmer,  it  becomes  uiieiiitiiratBd,  i.e.  the  cuncentmtla 
water  vapour  in  it  la  smallci"  tbnn  conesponcla  to  thfl  efniilibriuni. 
the  othwr  hiind,  if  the  air  fnlle  to  a  fower  temporatiirc,  ptu't  oi 
water  s&paratc*  out  in  tli':'  litpu^l  or  solid  form,  iis  dew,  rain,  or  M 
and  on  lx;ing  boated  iigain  to  its  former  temperaturo  tlic  air  is  i 
UDBatui'atod,  The  diftereitcea  of  temperature,  tJicrcfore,  at  the  M 
surface  continually  act  bo  that  the  air  contains  less  water  vapour 
correspoiida  to  satiiriiiion,  and  for  this  reason  our  atmosphere  ia  g 
completely  saturated  with  water  vapour'.  I 

The  proau-nco  of  a<]neous  vjipoitr  in  the  air  is  so  far  of  import 
to  the  chemist  that  uW  ohjecta  expoaed  to  the  air  take  up  mure  or 
water.      Not  only  do  suhstances  which  arc  soluble  in   water,  s' 
Bait   and    sugar,    become    moist    in   air    containing    water,    but 
insoluble   suliatHiipes,   such   Jis;   gbiss,    atone.'!,    raftals,    textile    fal 
become  covered  with  a  thin  film  of  water,  which  iuubI,  wbcu  neci 
be  taken  into  account.     The  amount  of  watir  tnken  np  depends  o' 
nature  of  the  substance,  and  is,  for  the  rust,  proportional  to  the  su 
Bodies,  with  a  large  surface,  pdwdcrs  and  cellular  Btnictnres,   &iic 
are  produced  in  plants,  take  up  a  epeciiiUy  large  amount  of  watei 
responding  to  their  large  surface. 

*   This  water  does  not  have   the  properties  of  lupiid  ivater. 
only  does  the  object  not  foul  wet,  but  the  ntpimr  /i/rssiir/-  of  this 
facG-hehl  water  »Uo  is  lower  than  that  of   lii«iid   wattT  at   tlie  t 
temperature,  and  it  is  all  the  kiwer  the  smaller  the  amount  of  v 
on  a  given  surface, 

III  many  cases  il  ia  necessaiy  to  remove  this  water,     For  ex; 
to  obtain  the  exact  weight  of  a   I'Ody  ju  pdWiier,  It  must  be  "wei, 
without  its  film  of  water.     The  most  simple  means  of  freeing  the 
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eonsJBla  iii  v/mliiuj  it,  for,  as  tte  tempomture  rises,  the 
[lipgar  preasure  of  the  Biirfaci'  waii-r  hIbi)  increasusj  and  the  Ifitcer 
[aapM  inUi  the  relatively  ilrv,  hot  »ir.  If,  however,  it  is  not 
•DonUe  t«  nise  the  temperature  of  the  body,  it  i^  drieil  1  ly  being 
Ijittvi  in  ilry  air.  For  this  purpose  glasu  »ppiiratus,  caileil  'itsitratins, 
iBNxl,  Kist.  53.  They  conUiin  a  nuViritance  which  cotuhine*  with 
'uul  vithilraws  this  frutit  th*^  tiir.  Into  this  dry  uir  tlierc  a^in 
fttca  witter  it'im  thi.'  KuLatance  to  be  driL'd,  und  this  prrjcess 
[{N>  on  until  the  vapuur  [tn^ssurL' 
I  the  vtXbT  on  the  substance  has 
bWuie  M  small  ut  that  of  the 
IWa'corahwed  with  th«  deaiccat- 
I  kg  ■ubsuuice. 

S4iD«  sucb  tJeaiecating  sub- 
BOH  liave  Imcd  jiroviously  nien- 
Hd  (|)t,  88) ;    othorB    will    he 

■atMMxt  M  uccasiuii  serves,  

Smw   th«  drying   process,   as  cm.  ,^a. 

ibtr  ili-ftcriiwd.  d(.-(>t'ii(h  on   the 

i.f  tlie  wufcr  vapoi]!'  from  the  hody  to  lh«  drying  rtuhstiinc*,  it 
jJa«f  iill  tho  quitker  thu  more  rapid  this  movement  is.  If, 
e,  we  till  lh«  ilenu'Oitcir  with  hydEM^tii  inst-eiid  of  mth  aii',  the 
will  dry  more  nnickly,  bocnuae  the  diHiision  of  the  uqueous 
ukM  pJace  morij  quickly  ihroui-h  the  lighter  hydrnger  than 
ihc  heavier  air.  The  tlrjing,  ho^\-evef,  procei-ds  moBt  quickly 
.  t^  iJc-aicciitor  is  exhfiurited,  because  the  movement  of  the  ai|UL'oiis 
'than takes  place  without  any  bindrunec.  U  would  be  a  ntiftt.ike 
th«t  thu  antstsiR'c  eciiihl  iw  brouglit  to  a  /j/y/cv  di-ifrn- 
rfjfjnma  tu  un  exhau»t«<)  dmccntor  than  in  one  contfciiiin}^  air :  fur 
Actipuor  preasure  is  the  same  whulher  air  is  present  or  uot.  The 
«Wi  diRVtviice  \h  one  of  rapidity,  and  in  a  given  limitrd  Uitmi  a 
I  woiiiil  cnrtaJnly  boootne  drier  in  nri  tf^xhausted  desiccator  than 
I  oaatuiniii^;  •'•■''. 
nVnnst  also  take  into  L-onsidcratiou  here,  that  aa  thv  hyily  beeomen 
ina  A»  npnitr  pre&^ure  diiuinidhee.  Since,  now,  the  passitge  of  th« 
Ufmr  to  the  dr&ict!ii<ii)g  sidK^tance  take^  place  all  the  more  quickly 
tW  ptadcr  tlio  coticciitratioii  of  the  water  va^rour,  thcie  Ilea  a  I'&tanl- 
ii|fa(lariii  lb«  progress  of  th«  drying  itself.  This  is  n  urjiveraal 
an-  W'h^-ii  liny  state  of  equilibniira  strives  to  establish  itself 
kArSffUin  Vftlocity,  this  velocity  diminishes  in  the  same  int.isure 
^■teto  of  c|uilibrium  is  ;q'proachci:i,  law  lu  ycnt'i'il.  tho.  velocity 
ftocesA  is  pi-ujJtjrtioiial  to  its  distance  from  the  position  of 
in. 

oth«r  things  it  follows  from  this,   that,  strictly  spejiking, 

of  ftiuilihriuni  will  be  reiK-hed  otUi/  <'/'«■  an   infmlfhi  lonff 

^Iboe,    however,   our   niean!>   of   measurement  are    of   liniiU^l 
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iias  the  form  of  !i  tiilie  heul  I'ouriil  liki'  a  screw,  kiiil  ia  miuie 
tiu,  beuduse  this  nieUl  ia  practically  not  attacked  liy  water,  II  sb 
in  a  larger  vessel  tlirough  wliich  water  U  ullowctl  to  flow,  in  this 
also  from  heloiv  n|)nnrda.  The  warm  water  wLith  passes  out  aft 
top  may  be  siiitiilily  used  for  feeding  the  still,  so  as  lo  recover  a> 
of  thtJ  licat.     Such  mi  (ip(>a.ratus  is  reiJi-eaeutfd  in  Fig.  44.  j 

To  detnoiistriitG  ihu  effoct  of  ilislilktioTi,  a  qu:intity  of  wat* 
coloured  with  ink  nud  distilled  fnun  iin  apparatus,  siicli  aa  is  dho4| 
Figs.  4-3  anil  4.1.      Thy  Mater  pasaes  over  colourless  and  tjtstelefis, 

109.   Properties — Colour. — At    ordinary   temperatiUTa 
is  a  transparent,  eo'luuiless  li(]iiid.     This  aljaence  of  colour,  howi 
is  only  npparuTit ;  irt  thick  loycrs  water  exhibits  a  distinct,  line 
colomtion,  which  is  peculiar  to  pure  water  and  is  not  in   any  va 
to  acimi.vturcB.     The  blue   t-oloration   is  produood   owing  to  the 
that  water  absorbs  yellow  arid   red  rays,  i.e.  converts  tJiem  into  _. 
when  these  are  withdrawn  from  white  li(^ht  the  complementary  coS 
blue,  remains.     This  blue  colour  ia  sei^n  in  lakes  and  sea.s  conta*^ 
very  pure  water  ;  in    most   eascg  nf   natunilly  occurring  wutcr 
mtisked  by  the  presence  of  t'otoiired  aduiixtures. 

111).  IJensity.— As  h;ia  already  been  mentioned,  the  density  of 
has  been  iiiadc  equal  to  unity,  the  unit  of  mass.  1  gm.,  having 
ascribed  to  the  unit  volume  1  ce.  of  water.*  This  numln-r,  howei 
holds  only  for  the  definite  temperature  4',  aiacei  the  density  of  waJ 
like  that  of  all  other  siibBtanceB,  changes  with  the  tempGrattire. 

IiL  the  caat  of  water  tins  change  occurs  in  a  manner  iisBeul 
dift'erent  from  tltat  in  the  eiiso  of  other  milistaneea.  On  heating 
from  0"  upwards  Lho  density  does  not  iWira^ft  as  ia  Hs;ially  the 
but  it  »ji''miw«.  At  4"  water  MtCiuns  itJ^  niasimum  density,  and  tl 
the  rcfison  why  this  tempera.turo  has  been  chosen  for  the  dcfinitio 
unit  donaitv.  Fruin  4  onwards  the  density  of  water,  as  of  all 
auhat^uices,  decreases  with  rising  temperature,  and  at  100"  amoun 
ab'>ut  .S^lh  less  than  at  0",  The  extensity,  or  tlie  8[iecifiir  vol' 
behaves  in  the  roveine  manner  ;  it  baa  its  smallest  value  at  4' ,  an 
all  other  temperatures  its  vah»!  is  greaLor. 

This  following  table  gives  .a  auraniary  of  the  relation  betweea 
temperature  and  the  density  and  eilensity  of  water:^ — - 


Q" 

o-wii?;'! 

1-000127 

i' 

rwiioou 

l-OOOOOO 

10° 

O-lk&U/ifii 

1  '000265 

20" 

0'PftS2.fi'2 

I0017S1 

30^ 

0-!l(>'6705 

roots  14 

40" 

o-9-ns« 

1  -1)0773 

60- 

a-DSSia 

roiaoi 

60' 

Q-963!)l 

1-01097 

70' 

0'S7"fiO 

1  -oaaeo 

80' 

o-viin 

1  -oasBO 

90* 

d'Oen^n 

1  '03S74 

100' 

U'SSH«3 

1  •04H16 

TH 
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ti. 


Vii  «M0«  relation  i-jin  he  rc|>re3eiiwd  by  ttio  geometrical  method 
risKhhed  on  p.  "4,  the  leimw ra.tures  being  taken  us  absi:isaau,  uml  the 
utctuiiy  na  onlin-tt^ts. 
b  tbiii  rn^y  we  olitaiu 
p.  IS,  which  M'fire-  t-2 
lenit  the  relation  nf 
Ibf  votitmc  Ut  thi>  tern    '^ 


e-# 


0-* 


0'    w- 


^0*   J»-   40'  SO- 

Fill.  *S. 


tfffl-   w  Sir  ao°  too 


1^  daemaao  in  the 
iteuitjr    betVRftn     0"  0£ 
4'  ia  tM  sniall  that 
motile  rRprL-sciiCcd 
lh»      ligurv.         It  0? 
d  etuae  a  lo^ieriii^ 
curve    by    oii[y  ** 
miL.     To  repru- 
it  the  scftle  of  t«tu- 

well  iLS  thill  of  voliniies,  must  lie  coiiaiderahJy  increased- 
in;!;niiii  would  !■#  riUuiinwi  by  takiug  tht'  tomjjer«turi?a  ten 
i;  voliinies  i\  thousand  tiiiiei*,  iis  yrcat.  Our  drHwinj;  -vruiddt 
•,  Uwrt'biy  di'tiniit;  miirh  loo  large.  If,  however,  wt;  L'citniiiie 
Vf  »rjth  rt!gar>l  to  that  f(*)rtiori  which  interests  iis  juat  now,  we 
ika.1  il)nn>  is  it  lar^e  eiii|)ty  spiice  btntfv^oen  the  curve  and  the 
■Bm.  Wt-  vnri  Icftvi!  this  uiit,  iiad  iiiatoad  of  the  baae-Iiiie 
If;  to  ihu  vuhiiiit'  xuro.  we  eitii  chooao  auother  near  the  uiirve 
siich  a  piirposo  it  is  well  to  chn-jsc  a  line  corresponding  ta 
le  rOiJiH),  On  this  line  the  temper  a,  lures  are  marked  off 
ft*  Male  t«ii  tifuts  lurger  thnii  liefoi-e.  Perpeiidic-ular  to  it  theie 
n  nvked  off,  lint  the  vnUim(!S  themselves,  bat  only  their  di^ei-euces 
Ik  tltt  ralue  1  -0000. 

Ii  tbi§  wxy  Kig.  46  is  obtuinud.  To  render  the  measurement 
■r  the  whole  field  is  divided  by  a  rectangular  network.  In  a 
..  manner     wbicli     is 

roadily  inkOlijjiWu. 
the  numerals  placed 
at  the  edges  vllnw 
of  the  ex  tensity 
lorr^ripoiiding  to 
ejich  toiiiperaliirc, 
and  nVv  mM,  being 

^^^        retid  ofl'.    The  figure 

~,      J^      ^      ;      J      g      J      g      tf     W "  repeated  only  up 


i|M 


Ftii.   46- 


tO    10' 


ML.  The  Law 

^C*MinQity. — In  the  t*hie  on  p,  1 12  only  the  densities  and  voluinua 
"fi'.yiwitiig  to  eert&io  definite  temperaturea  are  given.     The  ipmatiun 
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tiovr  arises  as  to  how  the  intermediate  values,  far  which  there  are  no 
data,  uiti  tte  iL3i;^rt>uiiieti.  For  thia  puqxtse  use  is  miule  of  ti  general 
law,  the  fipplit-jitioii  of  which  is  so  familiar  tu  us  that  it  appear* 
axiomatic,  althotigh,  like  nil  th«  other  lawa  oi  natuca,  it  ia  a  auiuinary 
of  manifold  experience. 

The  l»w  in  ({uestion  is  called  the  Inw  of  amiinuily,  antl  is  to  tli« 
following  effect: — A^Tien  two  magnitudes  th^iige  simultaneousU' with 
one  anulher,  so  that  for  u  definite  value  of  the  quo  there  ia  a^so  uIw^tb 
a  deSnite  value  of  the  other,  liw-  aitniitfaneuiin  changes  ulirat/s  irnniii\ 
pf^iiiuml.  When,  therefore,  the  one  mt^itude  i«  »llovBe4  to  iticreaw 
coiitinuouslj',  the  other  also  iucreascs  continuously,  and  if  the  on« 
cbungc  is  miL(|e  smaller  and  smaller  till  it  heeomea  zero,  tho  change  of 
the  other  magnitude  a,Iao  becomes  zero. 

It  followH  from  this  that  wb<;n  two  (not  too  remote}  vulues  A,  and 
A  nf  thfl  lirai  magnitude  arts  given,  to  which  there  correspond  the 
vftlucB  b,  and  li^  of  the  second,  the  values  of  U,  eorresponding  to  valiiee 
intermit  I  iiite  between  A,  ansi  A^  He  between  Bj  and  B,;. 

If  tilt'  vftlues  ,A  I  and  A„  are  autficiautly  close^  one  Tn&y  even  asaunie 
u  yrup'trtiitiHilUi/  betweon  the  two  series  of  values.  If  Aj  is  a  value 
intorniiKliate  between  A,  and  A^  and  B^  th«  corresponding  value  of 
the  other  magnitude,  we  may  write  the  following  equation  : — 

A,  -  Ao     B,  -  b; 

from  which  we  find  B^  to  be, 

B.  =  B,-»i-^y,-A,). 

Thiit  formula  itHowa  of  the  calculjition  of  iniermediute  valuca  which 
have  not  been  ilettjrniinei],  from  the  measured  values  on  t-ither  side  of 
theiri.  It  in  all  the  more  exact  the  ffoaer  th*  measured  vjtliiea  are  to 
one  aniithcr.  If  iu  imy  given  case  it  is  not  exaft  enough,  it  van  be 
ri-jtlfwi'fi  by  Ik  nifiro  eomplionted  fonnula,  whioh  also  depuiids  on  the 
priiitiiiile  i(f  coulinnity,  which,  however,  will  nut  be  deduced  here. 

Thi!  proc'eBB  which  we  have  jnsl  described  is  ealted  jii/er/w/u/wH. 
The  metiKiii  will  bo  familiar  to  the  reader  from  the  use  of  logarithm 
tttbk'ig.  where  lh>-'  values  of  the  logarithms  or  numbers  not  given  in  the 
UiblvH  are  obUtiuud  from  the  adjacent  ones  by  means  of  suck  n  calcula- 
tion by  projK.li  tioii. 

ll  lios  in  ihv  nature  of  what  we  liave  just  been  con-sidoriii g,  that 
the  mcthiMJ.  can  Iil-  used  only  for  obtaining  ivlrmudijili:  valuta,  and  may 
by  lid  tuouiiB  be  extended  beyond  the  region  of  mcasuromeiit,  Sucb  a 
moiliuil^ cjimj'tihiliim — is  applicable,  at  most,  only  in  doseat  proximity 
to  tliL"  last  point  raeaBureU,  wod  readily  Icuds  to  en-ors  if  extei 
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invar^f  |in*sitiire   hud   Unen  eBtiiblielied  nutoiniitioally  hy  tlie  freezing 
w&Lcr.     Since  ice  has  a  volume  y'yth  greatei'  than   thai  of 
Lhe   soticlifiiciiliuii   of  a.   smiill   amoitnl  in    iIjg   closed  bj^isicg   is 
it  to  protliico  a  very  consideraljlt!  presaiiri). 

Thia  peculiarity  n(  ice  of  melting  intder  pressure  hiis  n  great 
oti  the  mcteoiY'lD^iual  and  gengraphiail  piopertiea  of  aulid 
When  l«ro  pieces  of  fee  are  preB««l  against  one  another  they 
,  at  Ui«  siir{»ce  oi  preesiiit ;  the  isiitiitig  water  wlitcb  escapes  from 
ipwaarr  forthwith  soliilifies  ag;itn,  kikI  the  two  pieces  of  iue  are 
'  )0ia«d  together  to  a  whole.  This  15  tin;  cmiae  that  loose  siiow 
lootiervttt  masses  when  it  is  presHeih  As  every  one  knowB  frnni 
aowbalk,  this  cohering  of  the  snow  nctUTS  »ll  the  more  reftdily 
iXA  lempeniuut;  ii«  to  the  mettirtg  point ;  the  reasou  of  tliis 
frocn  wtmt  goes  bcforp. 
The  fame  |>cculijii'ity  brings  it  about  tliat  the  snoi\'  on  tlie  tops 
mountAins  gnulmilly  pswecs  into  ndi-h.  It  also  effecta  the 
j^enomenon  of  the  Jtiuvinif  i<f  itlnaeif.  As  is  known. 
iw-RUMca  move  slowly  (krwnwfinJs  frarti  the  heights  of  the 
to  the  viilli-ys,  as  if  ihi'j"  amsisteri  of  fi  aemi-flnid  niasa. 
)m  »  4q*  tft  thr  l:iet,  thnt  at  nil  [wrts  whtre  the  Jee-raasa  rests  on  the 
i «  ti>|uefnctroD  Uikes  place  at  ihostt  jioiiitfi  which  itre  iitxlvr  the 
pree«.ur«.  ami  this  canses  a  sliding.  The  ice  bohaves  like  a 
IT  with  uuiutuiilic  gruiaiiig,  and  so  acta  itself  in  motion  under 
\^  mrt  pncaiire. 

'  Ii  3  cany  to  fimviace  nnent- If  nf  this  properly  hy  pressing  liimpB 
il  *•  ti^£Mb«r   ill   eiiitaMo  mniilda.      Even  wlien  th«  temp«mtitTu   is 
I5-  kept  hflhtiv  zero  the  htinps  unite  to  form  cle&r  massea  of  ice, 
.  flO  out  the  niouldii  Uki'  n  tneitiil  ca^t. 
lMiai4l^  do  not  behave  like  wutor;  in  the  case  of  (Umnst  all  the 
point    iK'Conies    hiijlifr  and  nul   lower  wilU  inrri''i:!K  nf  jirrs^iirf.. 
iifiStrmce   lies  in   the  faet  that  water,  na  eontrasted   with  other 
k  <sf*iMt.t   on   soltdificaLion.     Sidistanees   which    havu   a  ^inaller 
b  Ut*"  solid  state  than  in  the  li<|iiiil  exhiliil  -i  nsf  in  tht;  melting 
iTOfc  pirtiAnre. 

States  of  Equilibrium — Law  of  Reaction. — The  relation 

fh«  rhimge  of   vohiiiie   on   s(fliditicaLio[i   ami   the  shifting  of 

"(  -=0! idilitatiun  with  the  pressure  is  nwt  »  thniioe  one,  but 

niy       It  i&  A  atse  o(  a  universal  law  that  holdi^  for  all  i^tat^a 

iiiiriuiu-      It  Cttn   l«e  expressed   a*  follows  :  Jf  -i  ^i/^lrni  i"  ''•j"i- 

u  ui(ytrtnl  to  a  wnstraiiii  Ijij  which  sUt  njuitifirium  in  sliij/ai,  n 

'■ii»j  ptaoF  tdliM  /ijtposts  Iht  ronflraint,  i.f.  one  ii/  ir/iifA  its  efftrt  is 

■fit  it^rofed. 

Af^j  tfaia  principle,  now,  to  th?  presetit  caw,  in  which  we  hava  ». 

(if    ice   and   wal«r  at  0     in   cquilibriiiin.     If   wc  exorcise  a 

on  the  mixture  by  dintinUhing  its  vulumc  the  etjiiiliKriutn  in 

wLoA  A  proceaa  miiBt  oceur  by  which  the  pressure  \%  agam 
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piittinlly  relieved,  if.  by  whitOi  ii  diminiibion  ui  vulumc  ia  ]irodil<»<l. 
This  consists  in  ice  melttng,  for  linuiO  water  occupies  .1  smaller  space 
than  the  ieo  from  v-lik-h  ib  is  iirodiici;*!.  The  melting  point  of  iw 
must,  thorcforc,  sink  with  pressure. 

If,  On  the  other  hitnd,  the  volume  KJimiiiiehcs  on  solid  ill  cation,  tbis 
latter  must  lie  brought  ahoiit  by  increase  of  pressure,  *'.<:.  the  melting 
point  riflfis  with  th«  jir^aeHrc, 

The  foundjition  iii  the  above- i^Uitcd  niiivorsul  law,  whicii  liJLi  a 
raanifoM  nfipiicatinn  in  chemistiyiirid  phyaica,  lies  in  the  conception  of 
rquii^iriiiii'.  hy  Lxjiiilihriuni  ive  understnniE  a  state  which  tcmls  to 
re-establi&h  itself  when  it  is  dii^tiirhod.  Thiii  tandercy  finds  cKproe- 
sioii  in  the  occurrence  of  phenomeiui  which  seek  to  reverse  tie 
diaturbtincef  and  tho  general  exprcsaidii  of  tliis  tendency  is  the  Uw 
enuiiciialed  iibove, 

•  The  term  erjiiilibpiiim  is.  as  h  known,  derived  from  meeliatiiw. 
There  it  is  usual  to  distiuguiHh  three  kinds  of  eipuliliriuni  :  slsbk 
unBtaWe,  !iTnl  indiflereuL.  In  chemistry  thi;  coiir/option  of  equililiriuDi. 
aa  is  apparent  from  the  deHnitinn  jui^t  given,  is  applied  only  in  the 
form  irhich  eorrespniids  to  xliii'lf  equilibrium  in  mechanics. 

130.  The  Triple  Point.— On  applying  to  writer  the  rule  jiiil 
LVioiiueed,  that  increase  of  the  phases  runs  parallel  with  the  diminiuiiiii 
of  the  degrees  of  freedom,  we  come  t**  the  conclusion  that  it  roust  cvr- 
tainiy  he  possildo  to  have  throe  phases  of  water  side  by  side,  but  tial 
such  a  system  has  ao  degrees  of  freedom  left,  It  CaJi,  therefor*,  exi* 
only  at  a  deliiiite  teTTijw?riitu!ie  and  il  detinitft  pressure. 

Such  A  possibility  dn«^,  a&  a  matte^r  of  fact,  exist  when  ice  and 
water  arc  iutroduced  into  an  i^nipty  8]>are.  The  space  then  l»ecftme» 
filltjd  with  aquenus  vai^ur,  and  we  have  ice,  winter,  and  \'apoiir  sida 
by  aide. 

The  prosBtire  ia,  in  thi?  case,  equul  to  the  pressure  of  water  at  0'< 
viz.  0'4  cm.  mercury  ;  the  totn|3eraturc  ia  very  nearly  ef|nal  to  0'. 
It  ia  not  e.vact(y  equal  to  this,  for  0°  has  been  defined  »s  thu  moltiag 
point  of  ice  uinier  atniosplieric  pressure ;  irnder  the  pressure  of  O'l 
cm.  prevailing  hero,  whieh  ia  almost  exactly  one  atmosphere  less,  the 
benipei-ature  is  therefore  t  0'0073  {p.  132).  The  preaaure  is,  accord- 
ingly, a  little  higher,  but  the  difference  does  not  afleet  the  luet 
decimal  in  the  number  stated. 

These  are  the  <mly  ralties  ef  Icniperalayr  mid  j/ressure  al  whick  (fc 
(/4f«  plioars  i'J  imiar  am  ''.risl  sule  br/  sidf,  and  any  change  of  one 
nf  these  values  eausea  the  disappeiLraiiee  of  the  one  or  other  phwn 
If  the  pressure  is  raised,  the  vapour  disappears ;  if  it  is  lowered,  th? 
water  disiippears.  If  the  temperature  is  raised,  the  ice  di8ap]jenrs ;  if 
it  ia  lowered,  the  water  di.'mppears. 

Such  aa  invurialde  point,  in  whicli  three  phases  of  a  substance  can 
exist  side  by  aide,  is  also  called  a  trijile  point-,  Speaking  geiierAU.V. 
every  fluhatance  will   possess  a  triple  point  situated  in   proximity  w 
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th«  melting  point.  Since,  hon-ever,  tbe  mellin^  points  are  scattered 
nver  the  whole  ranj^e  of  Ui*  measiira-bte  l-einperatureB,  so  also  are  the 
irijjle  poinu,  and  nittny  nf  these  are  ju-ccssible  only  with  difficulty. 

131.  Vapoqr  Pressure  of  Ice. — As  hss  i'een  ^sperinientJilly 
uid  theoreti willy  [inived,  wHtcr  unil  ire'have  the  same  vapour  prefwun; 
ai  t)  .      U  JimouiiU,  IIS  iiln^iuiv  stated,  to  0'4  cm.  mi'reury. 

We  may,  howei'crj  iiak  how  the  vapoui-  pressure  of  wjitei-  ronlerl 

below  0    is  I'ektetl  to  that  uf  ice  jit  the  same  tempLTnture.     This  is 

ixplaiued  in  Fig.  56.     The  temiicrntii  re  is  ineasuicii  on  the  Viaseline  ; 

.he  vapour  fireesure  curves  uf  ihe  water  anil  of  the  ice  are  tteitioted  hy 

vand  i.     At  0'  the  two  lines  cut : 

t  that  point,  therefore,  the  viipimr 

prweurc  uf  lx)th  fomiH  of  the  siib- 

stAticn  water  is  the  .snme.     To  thr 

left    of    this  is   shown    the   vapoiii 

pmaiirn   curve   of  the   Jsii]>ei-(;oiiled 

mter  ne  utl  Unbroken   continuntion 

of    that  of   the   warmer   water ;    it 

li^ea  aljcjvtt  the  vjipour  jireasure  curve 

of  ice.      At   the  same  teinperiitLire. 

therefore,  aujiercoolod  water  ha.i  a  groat^^i'  vnpoiir  preaaure  than  ice. 
This  in  iha  reasoii  why  supercooled  water  cannot  exist  in  contact 
■irith  ice.  ImagiuiB  a  two-limfienl  tube,  Fig.  57,  filled  at  "'  ivith  water 
Band  at  I  with  ice.  At  0'  the  whole  will  rcmitin  in  rest,  aitice  the 
■vapour  pressure  of  ice  is  eqUHl  to  thut  of  wsiier.  At  temperatni-es 
B>elow  zero,  linwever,  ihr  pressure  above  the  water  is  greater  than  that 
Hibove  the  iee.  Vapour  nnist,  therefure,  bu^  coTistitntly  given  off  by  the 
w»ter  and  l>e  taken  up  by  th<i  iee,  and  thia  can  ceaae  only  when  all 
tbe  water  hits  becomt!  eonvertad  into  ice. 

W«  can  now  etiounce  tlie  getiei-al  principle :  Th'U  -whicU  w  m  (v/wi- 

!«(  in  irnr  vMiij  itmst  br  i)i-  eijuHilri-iii/it  in  ciwy  miif ;  niul  tluil  whirh 

ow   uwi  is  not  in  rt/uifilirimn  am   in  itv  vmy  ti"  in  equiiihrhtm.     If, 

erefore,  ict*  and  supercooled  water  are  not  in  ef|nilibriu«i  us  regards 

tbcir  va|»ours,   neither   tan    they   *>e    in    cquilibrinni  when  thifiy  are 

imtDMliate   eontikct,   and    in    both   cases   the   trane formation   must 

Ui  tli6  eam.c  sense, 
The  principle  of  which  we  have  just  made  use  is  of  the  gi-eateat 
ipoRance,  and  lias  a  very  variod  application.     It  rardcji  nlon^  with 
the  principle  of  the  conservation  of  energy,  and, 
like  it,  can  be  deduced  frnm  the  impofisibilily  of  a 
pei-jieiiiura    irwbiU.      Whereas   the    latter  principle 
denies  the  posaibility  of  creating  unarj^ 
jfie  u,         "    nothing,   the   former    priiiciplc   denies 
bility  of  sellititl    in    iii&tiini,  /or   Ihf.  ptrfl 
k,  rnera^  u-hich   ia  at  resl.     In   this   way,  also,  a  prpHtOt 
Ollld   Iw    possible,   ns   can   be    re^nlily   seen   from   isoliitrnl  * 
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1  -  kiru'ifc  enet^v 

■BO  hi'at.      The  wiwr 

»*  hwit.     If  it  WW* 

.-K.  it  would  ultiin»t«]}r 

-■3*t  not  be  iiftOHssjiry  t) 

hW'iV,-.     Tliitt   ihin 

JiWji  fit/,  tjimtitiwituJ^, 

ti-taittn/  >'if  rjipfriftta. 

A  vrrpeimitii  mi)hilf  of  xhi 

itcd,  anU  n  fwrpfinva 

at   rest  Wfiulil    hftva 

iWlity  of  the  former 

^  iBiposRiIiility  fif  thf 

■  wiiich   roliinr  fruiii  [ii! 

■  (pito   of  Its  jipjiareiii 
kwi,  it  nllows  of   rosuJu 

■oUtaucea  farm  s"liitmt, 
These  atjH  exhib'l 
c  tmi  altia  oilier  projjcrtiej. 
Tbi'  pi'opLn-ty  of  formiu^ 
k  dfcmistiy,  since  cherairal 
*  wlmtHUceB.  The  raiipt  d 
wwh  more  jimit^id  and 
..II  of  solutions  did  not 
Wid  giLsiia  ai'e  j-ernlereJ 
B  fr«|ueiit  preiiniinsirii^a  f 
:W  l*rticipatiiig  aubstaricM 
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vulalile  d(i«s  it  take  part  in  the  vupoiir  pressure,  and  then  the  bulling 
|ioiiit  ui'iy  f»li  through  the  tidilition,  altliough  the  partial  pressure  of 
the  Wilier  vapour  in  the  vapour  mixture  is  always  leas  than  the  preasiire 
of  ptire  water  at  the  same  t.era[n;ratiire. 

Fur  the  rest  this  inliiieniie  oheys  deliriile  iiiid  very  remarlcahia 
laws,  of  which  we  shall  presently  speak  (L'faap,  VIII.}. 

The  freesiari  jivint  of  vniti-r  is  ijnite  similarly  affected  by  dissolved 
sul>stiUii:«fi.  sinking  )iTf;|H>rtioEiaUy  to  the  amount  of  dis^solvcd  substance. 
Tliis  l.MW  aXfKi,  liko  the  foref^oing  une,  holds  only  for  dihite  solutions. 

133.  Rela-tions  between  the  Changes  of  the  Vapour  Pres- 
sure and  of  the  Freezing  Point. — 'I'ln-  plientJincnii  of  ihe  !un-er- 
ing  of  the  vrt-poi-ir  pMjssure  and  of 
the  freezing  jxjint,  through  diaaolved 

substances,  are  interdependent.  As 
was  explmi  nod  on  p.  135,  water 
and  ice  at  0"  aro  in  eqtiili^irium, 
IfeeaiiSL-  Jhl  ihie  tLimjiorature  both 
have  the  same  vapour  preBsiire. 
If,  luiw,  the  vapour  pi-eaaure  of 
vater  is  diminished  through  the 
solution  of  a.  fort^i^ii  aubstance,  the 

oolutioD  can  no  longer  be  in  ef|nilibriiim  with  lee  at  0',  but  only  at  a 
(emperutiirc  at  wliich  both  preasurps  ai-p  a^ain  equal.  If,  in  Fi|^.  SHj 
W  represent  the  vapuur  pressure  curve  of  liquid  water  and  ('  that  of 
ice.  thi>  va|iour  pret^siirc  curve  of  a  eolation  vrill,  ^ccordittg  to  what 
luu  been  said,  have  the  position  *.  The  identitj^-<if  the  vapour 
pressures  of  solution  and  ice  occiirij  at  the  [xiint  wher<;  the  two  curves 
t  and  .1  cut. — in  any  case,  therefore,  below  C, — and  this  jioint  wilt  be 
so  raiicli  th«  lowfr  th<(  mOrc  llie  vapour  pre*Hiire  of  the  solution  hoa 
li«eii  (liiiiiinshed.  A  cousUnt  relation,  therefore,  which  ia  fiicJependent 
of  the  nature  atid  nmount  of  the  dissolved  substance  cxist-s  l>etween 
the  lowering  of  the  vapour  pressure  Jin<l  of  the  freezing  point. 
!$oliitiond  which  exhibit  the  Hiinic  diminution  of  the  vapour  pressure 
must  also  exhibit  the  same  lowiTing  of  the  freezing  point.  Statfd  in 
mimliei's,  the  relation  k  such  that  a  iiolnlion  whose  vapour  pressure  ia 
l^th  less  than  l.hat  of  pui^e  water  freezes  (■O.t"  lower  than  pure  water. 
The  r'ejjnliiritiefi  which  have  been  set  forth  here  in  the  ease  of 
aqueous  solutions  arc  not  restricted  to  these^  liiU  are^  on  th«  cot^rarj/, 
wnitermillv  ritlid  fin'  lifirf  s'lhtlifhs  nf  rnTy  h'luf. 

134=  Chemical  Properties  of  Water.— The   rsactinna  which 
(Mwur  by  the  action  of  water  an  other  Gul>stance3  are^  on  the  one 
detennjncd  by  the  fact  that  it  is  a  derivative  of  oxygen  and  hyt 
80  that  it  can  j^ivc  rise  lo  other  oxygen  and  hy<lrcjgen  eompnund 
the  other  hand,  water  can  combine  with  8iil«taiieeH  without  the  ei. 
tion  of  one  of  its  components.     Such  compoundB  are  callied  Ayi 
from  the  Greek  name  for  water. 
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We  have  filready  betome  acquainted  with  some  of  the  first  re&ctioiiR, 
immely,  those  ivhich  led  to  the  production  o£  hydrogen,  whereby  the 
Bulwtaiices  a(Jded  combinod  with  the  oxygen.  Reactions  whereliy, 
conversely,  the  hydrojien  is  Itoiind  ami  the  o\ygen  set  ft'te  are  also 
known,  and  will  be  diacusaed  iater  (Chap,  IX.). 

Tho  compounds  produced  bytht  taltiiig  up  of  Mh  the  elements 
of  water,  which  are  called  hiidniUs,  are  very  various  in  land.  Many 
ol"  them  cjiii  He  agjiin  very  readily  resolved  into  their  cumponents ;  by 
»  rise  of  I.cmpetature,  especially,  wfiter  is  formed  from  them  as  vapour. 
In  the  case  of  such  hydrates  it  is  UBtially  Msiiniod  that  tliey  coiitwiu 
ihn  waCur  "as  such,"  in  contrwlistinctioii  to  suth  compnunds  iia  do  not 
give  oB'  wiLler.  This  method  of  espreasion,  however,  has  no  detinile 
meaning  (cf.  p.  39)^  and  closer  inveatigaiion  showB  that  an  iinhmken 
tmnsitioM  exists  between  the  two  cJasafls,  all  the  hydrates  being 
(Hipiible  of  being  arritiigetl  in  a  connected  flericB,  accortling  to  the 
ease  with  which  they  give  oH'  water.  The  measure  of  Lhis  reodin^ei 
is  this  f/fifsswf  {if  IfiP  mjuHir  ahuvt  theae  euhstiince'a  at  a  definite 
temiMratiirv.  We  shall  enter  luore  firlly  into  these  reliiliona  at  a 
later  point  (Chap.  XXI.)' 

Water,  likewise,  frei-ineiitly  eserciseB  an  influence  on  chemica] 
reactions  through  its  two  components,  oxj'gen  and  hydrogen.  Since, 
for  the  re:-i8onfi  just  given  (p,  K3G),  most  chemical  reactions  are  carried 
out  in  aqtieouti  isolulioti,  we  hnvc  in  ail  these  meefi  the  further  pos^i- 
biliLy  of  the  water  also  acting  chemically. 

This  consists,  eeeentially,  in  the  fnct  that  Jti  cbemital  reactions 
tho  elements  of  water  can,  at  the  same  time,  letive  or  enter  a  -subsrUncc. 
If  hydrogen  he  convoyed  to  !X  suhstfthce  containing  fixygen,  the  latter 
may  either  take  up  the  hydrogen,  or  it  car  also  lose  oxygen,  which  is 
then  eliinimittd  with  the  hydrogen  as  water.  Likewise,  a  substance 
containing  hydrogen  can,  in  contact  with  oxygen,  become  cither  richer 
in  oxygen  or  poorer  in  hydrogen,  the  oxygen  in  the  first  wise 
being  simply  taken  np,  in  the  second  case  fonning  water  which  is 
oliiniiiated. 

The  t-iking  up  of  oxygen  is  called  uruhivm :  ite  withdrawa!, 
rtdvciiwi.  In  the  Beuac  of  whiit  bius  just  been  aaid,  however,  the 
result  of  the  oxidation  can  be  a  decrease  of  the  hydrogen  instead  of 
an  increfiae  of  the  oxygen  ;  in  the  same  way,  a  reduction  can  resull 
in  an  increjiBc  of  the  hydrogen  instead  of  a  losa  of  oxygtin.  In 
aqueous  solution  it  is  frequently  not  nn  easy  m,^tter  to  decide  whicli 
of  the  two  possibihticB  has  occun'od.  It  la,  therefore,  generally  agreetJ 
Co  regard  the  hiking  up  of  hydrogen  also  as  a  reduction  in  any  given 
caae,  and  the  loss  of  hj'drogcn  as  an  oxidation.  AVe  shall  fiho  continue 
to  use  these  cxpiessions  in  the  iJotiblt.'  .'*cn.-ii', 

135.  The  Quantitative  Composition  of  Water— The  expori 

ments  describeiJ  on  pp.  98  IT.,  which  "lemonstrate  the  composition  of 
wiitcv   from   oxygen   and   hydrogen,  etir    ''■'•  suitable   elaboration,  bB] 
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SJ  CMidactors  of  tlie  firat  class.  So  soon,  liowvk'er,  us  tbe  current 
fma  from  a  conductor  of  th'.-r  so(;unil  uEiiBa  to  one  of  tbe  Bret,  in 
vtikb  il  flows  wiLiiuut  ihe  IrniisporUitiun  <if  Hubstaiicti,  ait  act' umiilu lion 
c(  tlic  tonsported  aubstauces  iniist  occur  at  the  junctions  of  the  two 
cndoriorfv  anil  tlteae  su'bg.WiLCtts  Kopitrate  nut. 

Jlw,  in  uvJ'-r  fhc  fii/Urvfifn  moirs  wilh  thr-  jH'dliiv  firrJncifif,  Ihe 
nfi»  mih  tlie  iw-ijiitiiY,  At  that  point,  iberefure,  when;  the  posi- 
tite  eWtricity  I>i4ssea  ont,  the  eiitkinl-;,  hydrogen  ftppciti-s ;  at  the 
pHcil  vbere  the  positive  eleclricity 
vilcn,  or  where  the  negative 
»!r.thciiy    pa«sc»    out,    the    anair. 

In  nnlrr  to  cjirry  out  the  elettri- 
*1  decomposition,  i>r  eUe!r«li/inSy  of 
ntar,  therefon*,  tbu  latter  miist 
h  |)Uom]  Kctweeii  two  metAltic 
oadneton  vhirh  eHi-ct  the  p:u<:»kgc 
rflh«  carrflU..  "Wf  J\pjwinitiia  huve 
dtftratl  oiiialriictinri,  iiLron I ing  lo 
lis  pnqwMe  in  view.  An  apparntiia, 
1^  fUi^Kise  o(  vrhii'h  is  not  U^ 
iHw  of  the  most  jKhnnUigeous 
dKUiilrtiK  [iitssibK-,  hut  i»f  n  coii- 
twiait  ilKiiionstr.iUiHi  of  the  \iVo- 
OMte,  i»  re)iR-«i'UtiHl  in  Fig.  f\\y 

Tbt  wnti-r '  i«  cfintainwi  in  n.  U- 

uIm,  Ui«  tJiobe  of  which  mv,  fixirlj 

^at,  rail  (tIosmI  Ht  the  u»p  1>y  tiips. 

b  tlio   lower    {Mirt    of    the    tiiTit^ 

^liiram  wir«^   nri*  sealed  iti.  und 

'(i«r  are  rttlAchful  two  jiliitCH  of 

.1    mtt^d  l»y  inpaiis  "f  whit'h 

--iric    current    is   condiiiited 

"»i  Uw  liqnid.      At  these  plates  oiygen  on  the  nut'  side,  and  hydrogen 

■  '}    '.til.  r,  iiro  evolved,  the  gas^s  ascending'  in  the  limbs  and  collect 

■_■..' ■  .ih  the  taps.     The  displaced  liijiiid  piisses  through  ii  t.hinl 

■!»^  font,  find  through  a  ruWwr  tul«?  i>i(.o  <*■  coUfcting  veasyl  ai 
which    riiii  In*   placed  in  siiy   dusired   ftosition.     After   thu- 
VHBt  luL«  paiMcl  eomv  time  and  a  snificient  (jHfintity  of  gas  hts  heen 
'win*!,  the  following  fai-u  enn  he  ri'cogiiised:^- 

Tif  evolved  giise»  do  not  occupy  th*  sume  volume.  l>u  the  cini- 
i*"!  <rtiL'  kppeiini  ill  larger  amount,  and  on  malting  a  inciifiiirement  it 
>  Kfluri  iJhii  ito  vi'liiinc  is  twicu  .is  gr^al  ns  th.it  »l  the  other. 

'  r«t  Uin  *ni*Tiiri«ii  line  itoci  (iiH  ii»i)  [iiirv  w.itor,  l"it  a  .liliitf  noliili-iii  of  »»t]Aanc 
•t'  w  Mstftr  m'ii.     TJh'  rwwoin  Tfir  lliin  *ii<l  also  th.-  mive  einct  illivumiflii  of  ths 
-vJfik  iicim  III  will  to  itiVKii  at  a  latrr  inint  (Chnii.  1X.I 


V_ 


\ 


^ 
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■,:.Mis'n;v      ..■ii.\i'. 

_  ■j;r  volume  i-.iiio  'ii 
■■  '-.sity  iif  w;ilt-r  viii"iiii- 
.::■.»  yives  tlic  vuliimt's 
.■■i:  ill  iinf  ;;in.  of  wjitcr, 
■ ".  ut  ttii'  i'innin>ti.<  I'l'-itiii- 
■  ■fiioiiiii  irliir/i  /,r'.<  /,(■(' 
i:;vis  art"  as  fullon's  : — 


•  ■.i-i  vji|nmi\ 

-  .....■-.,  IiL'cii  ciirncd  out  for  thi' 

.  -..  .  .-i'.-.  /.'-.  for  tilt!  pivssure  ni 

Siiici',  iKiw,  the  rjitiii  nf  tlic 

-     ."vavs  ri'iii;iiii,s  tlio  same,  hovr- 

.Tii]n;i-atiiie  are  altt'icd,  these 

^-.     -  ,unl  ten  1 1  ic  rat  1 1  res  :  therefore 

il^.tr  — \Ve   ciiii    cdiiviiiee    fiurselvos 

■■■.■;i;ioii   ill  iv  clear   niatuiei-,  by 

-    iinl  nii'iisuriiif;   thn   volume  «i 

:  :•  is  most    oawily  elfectuii   with 

^..;-  .1  current  of  suftieiciit  potential 

.    '..r.  the  two  ronstituerit*  of  tlie 

.   ,-,'hnirless  i^iirtes,   at    those   i)oiiils 

,^  :hi-  liquid.      One  of  these  gase< 

,     ■,    :  kiiiilles  ;i  glowing  ivofKl-Kplinter, 

-■.mil,  hut  can  he  ij:ititeil  in  contact 

..  ..■  :'.;inie  :  it  is  ihei'cfon'  hyih'ogon. 

■.s  .ion  of  water  hy  the  electric  ciirieiit 

I'fiLiinena  : — Wliile,  i«  is  known,  the 
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of  conductors  of  tlie  lirst  class.  80  soon,  however,  iw  the  cmrent 
pusses  from  a  coQductor  of  llie  aecond  class  to  oiie  of  the  first,  in 
which  it  rtowB  without  the  transport! itmn  of  sutslarice,  an  aecumqlation 

I  of  the  transporttwj  substancea  must  ofcur  at  the  junctions  of  the  two 
conductors,  and  tLese  sulataiicus  sepurate  out. 
Thus,  in  imicr  the  hydrogen  maffs  with  the  posiiim  ultchidlfi,  the 
awy^a  vnlh  the  ne<ffilivir.  At  that  point,  therefore,  wh«re  the  posi- 
tive electricity  poBsea  out,  the  c-itUunle,  hydrogen  iippears ;  at  the 
point,  where  the  positive  electricity 
enters,     or     where     tha     negative 

»  electricity    jwissKS    out,    the    aiwdi; 
oxygen  appi-ars. 
In  order  to  carry  mit  the  electri* 
c&I  decotnpositioti,  or  H'-tliv! ii?i^,  of 
water,    therefore,    the    latter    must 

I  be  placed  l>etween  Iwa  m«tAllic 
conductors  which  effect  the  passage 
of  the  current.  The  apijaratiis  have 
different  construe  lion,  according  to 
the  pui'jjoae  in  view.  An  apparatua, 
the  purpose  nf  which  is  not  to 
allow  of  the  moat  advantageoua 
elecinjlysis  [Kiesible,  but  of  a  con- 
%-eoienI  demonstration  of  tlis  pro- 
ceaBea.  is  represented  in  Fig.  59. 

»The  water'  is  contiined  in  a  U- 
tu)*e,  the  limbs  of  which  are  fairly 
lung  and  closeil  at  the  Inji  by  lajjs,. 
At  the  lower  [Kirt  ui  tlie  tube; 
plaliimm  wires  are  settled  in,  and 
lu  these  arc  attached  two  [jiates  of 
I  the  name  meUtl  by  m*ans  ol  which 
the    electric    current  ia    conducted 

into  the  liquid.  At  these  plates  oxygen  on  the  one  side,  and  hydrogen 
on  tbf  uther,  arc  evolved,  the  giwus  aaconding  in  the  limlw  atid  collect- 
ing undBrncath  the  tapa.  The  displaced  liquid  passes  through  a  thin! 
tube  ftt  the  foot,  and  thnnigh  a  rubber  tnba  into  a  collecting  vesKet  at 
the  side,  which  can  be  placed  in  any  desired  position.  After  the 
ctiiTeDt  has  parsed  some  time  and  a  sufficient  quantity  of  gas  has  been 
erolvei],  the  fdlowin^  facts  can  be  recognised  : — 

The   evolved  gaaca  lio  not  occupy  thc^  saniQ  volume.     On  the  (on- 
Crary  one  apjjejirB  in  larger  amount,  and  on  ninlsing  a  meHsureraent  it. 
is  found  that  iu  volume  its  twice  as  great  us  that  of  the  othw. 

'  For  ttii*  cxperiueiLt  one  does  iiol  use  pan  ■viier,  liiit  a  iSiluto  rolutiun  ot  suljihart 
ittui  or  oiiu()<:  wWu.  The  reiiAoiis  Tor  this  aiid  ii!b*i  the  iiicpre  i-Jinct  discusflion  of  tlie 
electTnlytic  ppK!e»Be!i  will  W  (ri*eii  iit  »  Ulfr  j-aint  (Cliap,  IX.), 


KCIJ,  jil, 


LU 


PK1NC1PI*ES  OF  INOHGANIC  CHEMISTRY 


CHlfl 


tow  vt  the  couatfTVatiou  oi'  weight,  must  ulso  he  ivjuiil  to  the  .finii  uj 
Urn  rwovAMHiy  wiiifHt*  »/  ikf  rlmrnln,  or  lo  a  nitintjiil  multiple  of  iVtu. 
Thtt  vitjtitm  vi  till-  o'tuitiiiiici;:  weights  of  the  compound  substaiicoa  are 
UAiullj'  au  t-hoM^u  lliut  tbvv  ATv  never  smaller  than  ulm  sum  of  the 
ouuilniUMM  wt)i)(liU)  of  tht:*  elements  in  order  to  avoid  fruvtioue  of  the 
oiMubl iii>ii{{  wvi^hf*  of  th»  htE(?r 

1 10.  Oambiniuff  Weight  of  Hydrogen.^Iu  oi-der  to  choose  h 

iaImv  lor  hwliv^fiii,  vrv  van  simply  assume  the  combining  wei^jjUt  to  be 
|ii<>|tui'l>v>iiiil  Lo  ihv  j,*u.»i'>ius  lif'iisiiy,  ii>  tlial-  etjual  vulusies  of  tho  giwen 
nIhi  •'■•iituiii  th«  luiiiio  iiiimlKir  of  combiiiiii}^  vreigbts.  Accordiog  lo 
t|it>  iMlki  \>t  tlfiwitK'n,  thvii  <[).  90),  the  oomhiiiirig  weight  of  bydrogau 
tiiuat  liv  iHiul»  imiUkI  tu  loos  if  oxygOQ  is  equal  t^i  16. 

i\  illtKcultv,  however,  arises  when  ihe  pi-otluct  of  combination, 
MMfM,  l«  Ukuii  iiilii  Mitoiint.  Adopting  the  sbind-point  that  the 
viiiuMiiliiff  wi.<i)jhl«  aro  ilin>ctly  proportioiiiil  to  tlie  gaa  densities, 
»t>  ikltUiii  I'll-  wtiii'f.  fiimi  th«  figiires  oii  p.  125,  the  value  d'nOfi. 
ihv  'A»U4liiuiu(C  w<'i>;ht  of  ivttior  would,  therefore,  not  Iw  equa]  to 
ill.     ...•»    (4    lIlu   cuiubiiiili^    ueiffhta    of    ila    elements,   but   only 


It  I .,  ihtu L'f t>i'u,  not  possible  to  make  the  combining  weights  sinipl 

pi'>i|u.iiiitiml    111    till'   ^)»   donailies   or   to  the   nioliir   wt'ighia  (p.   'M] 

'!<•    I'ontni'iiotitiris,      In  the   course  of  the  (iove!oi>- 

,    att'iitpts  hrtvo  l>oeu  maiie  in  variouB  ways,  to  remove 

■  UiMlitttwut.     Th»'  following  IB  the   method   now  universally 


'1^^ 


Kit' 


.,j   wmgAis  Bf*  dfl^nniiud  so  thai  ikert  is  always  a  vhalr- 

■  •utittttiiuj  UYiiil)t.i  nmt'iinnl  in  the  molnr  irriiiiils. 
•T  wi'ii;hl  of  ni-i/iieH,  as  has  lUready  Wen  done, 

ttt«i  of  hydrogen  to  riDKi,  the  molar  weiyhl  of 
.  ,  .  tn'  pul  etpial  lo  18"i)|6,  as  can  l>e  sccii  from  the 
i  1^  i^sK      If,  on  thti  ntlier  hand,  tvni  put  ihe  fnnibitting 

■•■ I'lil  lo   m,  and  thfit  of  hydrogon   to  l-OOf!*,   We 

i.'Ul   which   has  just  been  stated.     The   moki' 
■    liKvM'inu  of  hydrogen,  then  contains  two  cpto- 

■  '.-miniK  ii'liile  in  the  ranlur  weight  of  aqueous 
.iii,>tl  iwT)  L-omliining  weifjlitft  of  hydrogen   and 

-■   ,.f  M-hii'h  19  equal  to  the  cotabining  weight  of 
.!>  ol   lhi»  nuligtance,  therefore,  molar  weight  and 

^xuvJm  tuu  ithown  iUelf  to  l>e  Htifticient  also  for  all 

'-   »'>dro.gttn  ftnd  oxygen  are  L-uiitained,      Not 

.MniTfi  lias  exhibited  a  mohir  weight  in 

I,  i^tllvi  4t«oniil  than  K;  parts  of  oxygen  or  I'OOS 

u^  W»ighta  of  the  Elementa.— By  dei«r- 

.■m    v^Ml   eUMiieiil.   combines   with   one   combiiimg 
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eight,  or  16  parts,  of  oxygen,  ibv  combining  weight  of  th&t  element 
is  oLt^iiiied. 

Now.  to  be  sure,  it  ta  not  Ti<>cc«aary  to  as$«Efl«  tlat  only  me  com- 
bining weight  of  the  othi;r  dements  ulivays  coniViines  wiih  one 
Bomliinitig  weight  of  oxygen,  but,  aa  in  the  case  of  water,  tliiT*  may 
be  rea»-jns  for  regarding  other  assii  nipt  ions  as  better.  In  fact,  there 
(re  numerous  instances  where  such  is  the  oise.  Since  these,  however, 
IdIIuw  unly  from  ii  more  exact  knowledge  u-f  the  chemical  relations  of 
Itti  eleriienle,  the  diecnssii-ni  of  them  must  be  poatpoued,  and  we  shall 
rmmodifttely  give  the  results  here. 

Further,  the  other  eiementa  are  not  all  eapiWe  of  giving  compoiindB 

with  nrr/'jr.ii,   altlioiigh   the  majority  of  them  are.     Also,   the  oxygen 

fompoiinda    ol'   some    elements   ejinnot   be   exactly  invesljgated   with 

■Bord  to  tlieir  composition,  or  aniilyscd,  ao  that  the  tpiealioti  arises 

Hm^  in  these  cases,  the  I'umhining  weights  are  determined. 

Oil  tlii*  point  itiforniatioij  is  atfuided  l*y  tlie  definition  of  combin- 
ng  weight  given  on  [i.  143.  These  mimiiers  are  valid  not  only  for  the 
Uinpourids  with  oxygen,  but  also  for  tkil  compounds  of  the  ekmentt 
rith  on<'  another.  If,  then,  the  fact  has  been  established  tlat  an 
lement  M  combines  with  oxygen  ao  that  for  every  16  gm.  of  oxygen 
hvre  arc  presont  b  gra,  of  the  element,  and  it  there  he  deteruiined  the 
imoiint  -■  of  II  third  i.-lemont  C  which  cnii  unite  with  h  gm.  of  B,  then 
be  number  e  is  also  the  cumUiiing  vvci<;ht  of  the  element  C. 

In  gtn/ri-a! :   I'he  weight  oj  an  eicuient  irhich  cun  annbiiie  ivilh  the  com- 
hung  lorUjhl  t)/  diwtfir.r  rlfiitetii,  rr/erred  to  onjgen^  16,  is  tqml  to  the 
Mmnfj  itfir//it  »/  (hut  flein^ni. 

By  meann  oF  Lhiis  principle,  it  is  evident  that  the  combining  weight 
t  ona  and  iho  same  element  4;an  be  determined  in  very  different  wnys, 
id  through  the  medium  of  entirely  dilTcreni.  eJemcnte,  This  hiia,  in 
;"t,  been  done,  and  the  combining  wei;;lita,  determined  hy  such 
iflerufil  methods,  have  dwuys  provuil  to  bo  idontieal  within  the  limit 
[  the  ex  fieri  men  Lai  erivsr.  In  these  investigations  we  have  an  oxceed- 
igly  important  confirmation  of  the  law  of  combining  weightB. 

The  following  Uihle  give^  a  list  of  the  frtmbining  weights  of  the 
lenient^  ao  far  as  known  with  some  degree  of  aecuracy  ;  the  valuea 
le  given  such  thut  there  may  he  an  error  in  the  last  place  of  les&  than 
til  a  unit. 

Table  op  the  Comuining  Wkigh-r  or  thk  Elemrntr 


1.  Alumiaiuiu 

2.  Antitn.oaj 

3.  Ats-in 
■I.  Aia*ilie 
a.  Barium 

S.  beryllium 

T.  Uiaiiiulli 

Boi'on 


8, 


Al  =  27-1 
Bl.  =  120-2 
A  =  '10-11 
A»=  7n-0 
Hft=137'4 
hp-  S-1 
Bi  -208-S 
h    -   Il'O 


9. 
10. 
13. 
V2. 
13. 
14. 
IS. 
U. 


Hromiiio 

ClPnilllli 

Cttlciiim 

Catlioii 

Ci-riiiro 

Clilcirine 

CbroaiLuiu 


Ur=  7fl-98 
Cd  =  112-1 
Cb=133 

C   =   12-Q 
Cfl=140 

Or=  521 
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Table  of  the  Combisini;  W'eiqhts  op  tuh  Elkments — eoi 


17.  Cobalt 

18.  Copiwr 

19.  Etbiura 

20.  yiiioriiii' 

21.  (rndoliuiiiui 

22.  Onlliimi 

23.  Gi^rtiiitniuin 

24.  Golil 

25.  <  Heliuni 
23.  HyilroKnii 
27.  loilkiiii 

atl.  Iridiiiiii 

aO,  Iron 

81.  Krji>lo]i 

ii.  L.-]litliaiililll 

33.  LeaJ 

31.  Litliivini 

35.  MngEiesiuin 

86.  MftligatiGtio 

87.  Mer(Miry 

38.  Mnlybdeiiiiiii 

39.  Nenlyiuium 

40.  Nei'ii 

41.  Kioki'l 

42.  N'iabiuni 

43.  Nilri'^'eii 

44.  QMniil^ni 
4.1.  riiiyjji'U 
'IB.  Puflnili u m 
47.  i'linapboriU' 


Co=    Eil-0 

Co-  ma 
Er=iafl 

F    =   19 
(.i.l  =  15« 
G«=   70 
Ue=  72-S 
AiJ  =  l!i7'2 
He=     ■( 
ir  =     1-OOS 
111  =1U 
1     =VM-$& 
Ir  =l'.i3-0 
Fp  =  BC'fl 
Kr=  81-8 

Pb  ^-iOti-g 

Li    =     7-03 
Mg=  24-39 
Mii=  SS-0 
Hi;  =  2O0'O 
Mo=  98-0 
Kd  =  !43-0 
Nb  =   SO 
Mi  =    S8-7 
Kb=   »4 
N    =   U-Oi 
0»  =191 
0    =    181)0 

P.1  =]oa-5 
p  =  sio- 


iS,  Pltttitium 

4il.  Pota.'iaiiini 

if}.  Piaavodyniiujii 

i\.  Rhcilium 

6'X  HiiiiiJiuin 

53.  Huitieninm 

64.  SuniJijiiini 

65.  Scandium 
6li.  Selenium 
sr.  .Silvei- 
B8.  Silicon. 
£El.  Sodiara 
eo.  .Stmritiiira 
ei.  Siil].linr 
Oii.  Tutitaliiui 
lis.  Tdlunnra 
64.  Tfrbiiira 
i&.  Thallium 
63,  TlioTiuin 
(tr.  Thulium 
68.  Tin 

S!i.  TiUllllltii 

70.  Tung»Iaii 

71,  TTniJiiiini 

73.  ViLQiLdium 

(3,    Xi'Dtfp 

74.  Ytterbium 

75.  Yttrium 

76.  Ziiie 

77.  Ziniouiuni 


A  glance  at  the  table  slioivs  lLa.t  bbe  conbiniiig  weigl 
wiLhtn  very  wide  limits  ;  in  rounrl  niimbera,  fiom  1  to  240.  ] 
tlicBo  they  arc  diatribiitcd  pretty  unifomily  over  the  ivholB  il 
numbers. 

It  ts  also  remiirkftblc  ibiit  the  combining  weiglit  of  hydr 
as  can  be  seen  from  the  ttilili;,  so  n^ar  unity,  withciiit  biding  exact 
to  it.  This  has  the  following  blBtorical  reiwOTs :- — The  combiiiing 
were  ai  lii'at  so  determined  tliat  hydrogen  wisa  put  eqiml  t 
SinCB,  however,  only  very  few  elements  are  t'apRble  of  forming  h 
coinpounda,  the  indirect  inethud  just  described  had  to  ba  ap| 
determining  their  combining  weights,  Thi."?  was  carrietl  out  I 
taining  the  combining  ivoight  of  oxygen  with  rtfcrencQ  to  h 
=  1,  and  then  refemng  the  other  elements,  hy  mejins  of  th«t 
compounds,  to  the  rmmber  tor  oxygen  thus  determined,  wh 
Ijeen  found  e<jiial  to  IG'OO.  For  such  elements,  in  the  oftse  ( 
oxygen  compounde  could  not  be  iii?eatigated,  meaaurcinec 
carried  out  with  the  help  of  elements  whose  combining  wei( 
been  determined  with  reference  to  oxygen  and  not  to  hj 
Oxygen  was,  therefore,  the  practical  buBiB  of  alt  the  combining 
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d  hjrilnjgeii  wus  only  clioseii  fomiallj'  as  siich  because  its  combining 
iffet  w«e  the  EmuiUest  of  nil. 

In  reoetit  times,  now.  ihe  diacovery  waa  made  tliat  the  ratio  1:16 
hjrdngen  -  os.vgen,  li»d  been  nither  iiiaccurakly  determined,  and 
It  It  U  really"l  000  :  t5-8:^,  or  1008  :  IfiOO.  Tlie  clioice  bud, 
mCors,  lo  he  made  a.'?  to  which  tft  these  two  robaions  should  be 
BiineJ.  and  the  decision  w»3  given  in  f.ivour  of  the  second.  Tbe 
itixl  re»&f,n  for  this  was  that  tbe  ninnlicr  16  for  oxygen  bad, 
aJIf,  i(l«ars  formed  the  real  basis  of  ail  detcnninnlions  and  calcula- 
(  Willi  the;  combining  weights.  If,  therefore,  the  nutaber  16  WetO 
■Mged  to  15'8!*,  alt  numbers  referred  to  it  must  also  be  chmiged. 
f  leuifuDg,  however,  the  niimber  Iti  foi-  uxyyen,  aiul  ehangini;  only 
at  for  iirdrcig«n  frfini  I  to  I'OOS,  no  smcL  recaiciilation  uf  the  other 
unlwrH  WM  rp'tnirod,  since  only  tbe  value  for  hydrogen  was  affected. 
(Tliw-  future,  then,  the  maniber  Ifi  hns  becTi  adopted  na  the  basis  of 
lixniDtiiuiDg  weiRhta  of  the  nther  elements. 

U-*.  The  Accuracy  of  the  Law  of  Combining  Weights.^ 

Sbat  Lfafl  ^i&  law  iti  only  -i  linilting  liiiv  (|i.  01),  :ind  since  wu  huve 
W«)  the  I«w  of  comhiniii^  weigbto  on  it,  the  ([ueBlion  miiet  arise  as 
to>W  decree  of  acciii-acy  tins  Ikw  posfteeses^  and  whether  it  also  is 
tr.  1,  n^irdcfl  as  a  limiting  law. 

"lice  ha£  shown  that  Oie  lawof  the  camfiininff  wei-ffhls  is  as  exact 
•'  the  conxrvalion  of  wnifhi,  i.f..  the  limit  of  its  accuracy  Itae, 
been  found. 

connected  with  the  circnmetance  that  the  lawof  combining 
Mains  v.ilid  whether  we  are  dealing  with  gasea  or  with  en^^- 
iiiy  other  physical  state.     The  dfdiir-tion  of  llie  law  from  the 

-■  ■  '■ noes  of  gases  was  matle  for  the  sake  of  cleaniess ;  iis/oiuuiatiun 

■  fcd,  however,  ia  the  result  of  quantitHtiv«  chemieal  analysis. 

U3.  Chemical  Symbols  and  Formuls. — 8ince  all  compound 
■iMnM*  can  Ve  represented  an  eombiimtiiuiig  of  the  elttnente,  their 
*WjMiiliuii  can  be  statud  by  ilesignating  the  elements  from  which 
tt^m  ftfodaccd.  This  designation  tAkes  a  very  simple  form  when, 
WUaA  of  the  names  of  the  elements  themselves,  abbreviated,  readily 
wifiptflc  ivmbots  are  eDiploycd. 

8Kh  a  mctbod  has  been  in  use  almost  as  long  as  chemical  writings 
■ia,  fcr  «ri;n  in  lh«  oldest  ulchpraifllic  works  the  most  im|}urtiint 
d  At  •uhctances  occurring  are  n-presented  by  individual  symlMjla. 
Utan  of  *u(h  a  symbolic  Luiguage  also  tixisl-s  throughout  ihe  while 
^irinpncDl  of  scieutific  chemiatty.  These  rery  manifold  atlfmpts, 
l**»er,  received  a  jiermanent  form  only  after  the  law  of  combining 
Vl)|dria  VM  diitcnvBred,  and  after  BerKclius  had  mnde  an  exceedingly 
iB|iiHkd  ntttsbie  proposal  far  fixing  tbo  symbols. 

VbcTEaa,  namely,  all  fomier  symbols  had  been  more  or  less 
■Uoirily  chosen  and  offered  no  bold  lo  the  memory,  Berzeliiu 
*«i^the«  from  the  names  of  ihe  elements  themselves,  ilittodut\\\^ 
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tlio  initial  letter  of  these  as  symbol  for  the  elem^t^Jit.      In  order  tol 
(iiffereiices  in  langiiiigc  out  of  account,  hu  used  tLe  LaLm  or 
niirnea   m   the  basis   of  thfl   ahbievinlions.      In   those  freqiteiit 
whore  soverjil  cleuieiita  commence  wilL  the  same  latter,  llio  aid: 
additional  phiiraet-eristic  letter  is  taken. 

In  this  way  the  symbola  given  in  the  taUe  on  pj).  145  and 
wore  oljlaincd. 

AVliilc,  in  former  times,  such  symbols  hud  only  a  nualiUitivo 
ficalion,  thw  law  III  cmiibiiiidg  waighta  ninkea  it  possible:  to  altaci 
them  aliso  a  quantitative  niL'aniiig.     Tbis  conaista  in  also  iiBitlcralii 
bv  this  symbol  of  each  element  a  nmiNiiiinj  "'figlil  of  that  ^lenu 
The  symby]  0  for  oxygen,  tberelbre,  nwl  only  .s)i,'nitieB  thut  eknu 
but  Jilaa  16  parts  of  it  by  weight. 

Siu<;e  the  combiiicttiuEis  b'Qtwcon  the  dementis  take  pUco  ouljf 
the  proportions  of  the  combining  weights  and  of  whole  niiiltiplei 
those,  it   i&   only   rjucuasary,  in  ordor  to  state  the  qualitative  t 
(junnlitative  composition  of  a  comjMra-n.d,  to   write  down  the  symfl 
of  the  detnonts   present    and    the    factors  hy  which  the  combiiJ 
weights  oE  t-iich  hnve  to  be  multiplve*!.     For  the  sake  of  convenienoJ 
has  beconiG  eiifitomary  W  write  the  factors  in  the  [losilioii  of  eilftixes' 
the  symbol  of  tlio  element.     Tliu  ■coiinM/sition  of  water  of  two  comlw 
iiig  weights  of   hydi'ogen  aii<t   on«  of  osygen  is,  thereforcj  writtan 
the  form  HgO,  the  factor  ]  being,  as  is  usual,  omitted. 

Thia  formulu  ospressea  the  fnct  that  water  is  produced  li 
1  n  l^OOS  pails  of  hydrogen  and  1  -<  IG'OO  parts  of  oxygen  by  weil 
and  that  it  contains  these  and  no  other  elements. 

In  the  case  of  subatancea  whose  gaseoiie  density  and  moUr  weig 
can  be  detcnuined,  it  is  fiirthur  usual  to  write  tlio  formiiljt  so  tlia 
tliay  express  a  molar  weight  of  the  Bubstancc  designated.  Since  tin 
oonibinin}^  weights  were  chosen  on  tho  principle  that  u  whaU-  niiaiba 
of  eoaibining  weights  is  coutAJned  in  a  molar  weight,  this  can  alwnyi 
be  ilone  without  iiaving  to  use  fraclioiis  of  a  eombining  weifjiit.  Sne| 
fonnulai,  therefore,  allow  alao  of  flediidii^  the  gixacous  density,  tc 
which,  of  poiirso,  the  mol.'ir  Mi'i^^rht  is  etniiil. 

114.  Chemical  EC[Uatiolia.^By  reason  of  the  laivs  of  the  ooCF 
aervation  of  weight  and  the  tojiservaliou  of  kind  (p.  60),  chemical 
proceBsefl  can  bo  written  in  ttic  form  of  et]nationa  in  which  the  mb- 
stances  are  represented  by  their  symbols.  A.s  a  rusult  of  the  two  ^R\r% 
named,  we  have,  first,  that  the  icevjhh  on  both  sides  of  a  eiiemiciil 
orpiation  must  agree ;  and,  second,  thtit  on  eJich  side  of  the  ei|uatioii 
Ihf  iarnt  etewnis  milt  the  samt  tmmher  of  coml'inin;/  wriiiiils  must  iiecur. 
The  way,  however,  in  which  the  elements  are  eombinod  with  on* 
another  can  be  diHerent. 

Fur  example,  thi?  furmation  of  water  from  oxygen  gas  and  hydro- 
gen gas  is  expressed  by  the  fallowing  eolation  ;-— 

0  + 


2H  =  HjO. 


i 
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[tuoa]   u»  wrilo   tho  aqHations   in.   such   a   nuAnner  that  the 
ices  stantl  on  the  hit  bjini],   ami    those  formeJ  in   tlis 
the   riglit       Sirico    at    a    very   btgh    teiiiperjilnrc   water 
into  iu  elements,  this  |irucesB  would  bo  written  in   the 
I  ot>I«r : — 

HsO=Oi-2a 

iwi  «eeti,  vfaen  more  than  one  combining  weight  of  ihe 

under  cnitsiilpnition  takes   pari,  in   ihu  reactinii,  the  corre- 

ctiirs  m-Q  written  l/f/"r-r  the  fornnilii,  wIhtwis  ihr  f(icl.or&  of 

til«  which  ;ire   present  in  nioi'e  Lljan  one  eomliiniiig  ivi'i^ht 

*wi  {fiuvh  OA  hjilriJgen  in   water)  arc   ivritltn  as  a  siiHix 

is  T«Tjr  frequently  t)ie    case,   it   is   dtisired   to   cxprces,   uL 

flimci,  by  toeans  of  the  formula,  the   molar  weight  of   the 

I  desigOAt^d,    the    e'jiiJilion    hns,    genei'fllly,    to    be   written 

A   molar  weiglit  of   hydrogen  and  of  oxygen  e:ich   con- 

[  ConibiBiti^  weights  vi  the  elements  i  we  must,  sccordingly, 

Inich   &n  equation  we  can,  at   the   Bume   timo,  frnm    the 

>f  a   iiioUr  weiijht.   tell   iLe   rolmiie  ratios  of   the   reaL'ting 

lie   pix-eont    cx;>mplc    shows   directly  that   one  volume  of 

two  volniiiea  of  hydrogen  yield  two  volumes  of  wHter 

ittlip  which  signify  nioliir  weights  are  not  as  yet  dis- 
from  tlio««  intended  only  to  denote  comliiiiing  weights, 
UmI  be  citllfd  an  iiu perfection.     In   this  hook  molar  weights, 
Nch  iiro  knj-iwn,  will  ^t.'ri>:ni3ly  lie  written. 
y  The  Atomic  Hypothesis^^For  the  rcpresantiition  of  the 

MHJ  (uinjirehtfnsive  laws  to  whiirh  Iho  iv*ight  and  vohimo  ratios 
OioA  coni|joiinde  iiic  sidhjectf  a  hypotbeticiil  conception  hn»  been 
■DM  Ui«  time  these  laws,  were  first  diBcovere'd,  which  affords  n 
•ireniont  pictiiro  of  the  uctiial   relations,  and  posfe^ses,  there- 

ffVA  value  for  tho  purposes  of  inBtruirtion  nw\  investigation. 
it  nuati  ihe  above  hyjmthesis  luw  been  tniide  the  hieis  of 
tfiagB  and  modes  of  repreeGiitAtion  thronghoiit  the  whole  of 
Iry,  Mt  that  the  results  of  ebeniicAl  inveatigntion  are  nImoH 
tatr  otmniunieuted  in  that  hiuguage.  Fm  this  reaaou  nlune 
H^  vt  the  bypothedie  i»  necessary. 

a  gennnil.  on  h\'prjthe8i8  is  an  aiil  In  rrjirrxntfatiim.  Of  the 
IBHI*  of  the  outer  world,  some  aru  bo  familiiir  to  ns  from 
|ial»d  wxpericKi'e,  that  we  know  the  rehitions  which  exist 
with  great  certiiiii ly.  If  now  we  find  a  new-  and  un- 
ci phunomena.  wo  unconsciously  seek  for  similar  oiw& 
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among  those  that  are  known.  If  we  succeed  in  discnvering  sii 
airailarity  we  gJiiii  two  advantjigea.  Iii  the  first  place,  ttie  tixiii 
the  now  facts  in  tli*  memory  is  very  greatly  ftteilital*d  Uy  the 
the  aim iliirity,  and  in  th3  Bocond  place,  tlic  airailarity  alTurds  1 
means  nf  mutiny  [milmWe  jfrr.'.-uvipiUms  concerning  tlie  bolmviou 
tha  new  phenometia  under  conditions  under  which  they  have  not 
been  investigated. 

*  As  compared  with  the  less  kiinwn,  eucl  a  group  of  eimilar 
well-known  jilienomena  form  the  hiisis  of  the  hypotheisis.  Sinis 
all  ))bcn'i>mciia  thoao  of  mtcJuinics  iire  usually  the  tdquI  familiar  tfl 
by  far  the  most  hypothas&s  are  meehanical  imalogies  of  non-nieeh«t 
phenomonfi. 

*  The  same  uharaeter  is  possessed  also  by  iho  present  hypothi 
The   peculi-iiritica  of  the   weight   rcktioua  of   chemicol   processes 
*' explained "   by   a    ilefimte    assumption    concerning    the    mechai 
nature  of  the  EUbstaneea. 

Thia  assumption  consists  in  regarding  all  subst&nee^  as  coidjk 
of  very  &mafl  particlea  or  atoTi\4.     The  ntoms  of  each  elementary  1 
stance  !i.re  »liki.'  among  tliemselves,  and  single,  nnd  arc  dili'ereui  fi 
the  atoms  of  ovei-y  other  element.     The  atoms  of  a  cbcniieal  compot 
are  alike  among  theiuselvea,  but  are  composed  of  the  atoms  of 
filemonta  by  the  interaction  of  which  they  ui'e  produced. 

From  these  assuniptiuiiis  the  laws  of  chemical  combination  fol 
directly.     The  oaGuined  identity  of  the  atoms  or  the  atoiuic 
whith  form  a  definite  substance  gives  a  pictur«  of  the  thcorera  of  I 
definiteno3&  of  the  properties  of  every  substiince.     The  assumptifl 
the  difference  of  the  ntilure  of  the  atoms  of  the  ditferent  ele 
explains  the  inconvertibility  of  iho   elanients  into  one  another, 
the  assumption  that  the  atoms  of  the  elements  remain   intact  in  tt 
compoiluds,  and  are  only  differently  grouped  togotbor  to  form,  in 
case,   an  atom   of   the  coinpuuiid,  makes  the  law  of  the   conue 
between  the  derivatives  of  caeh  element  clear. 

On  the  game  foundation  aku,  the  qii'iitlitiiiliv  laws  of  combina 
are  made  intdligihlo.  Sinco  all  tlie  atoms  of  a  definite  element] 
assumed  to  he  identical  among  themselves,  we  must,  also 
identity  for  the  weight  of  eax'h  atom.  When,  therefore,  two  or  moii 
(liiTert'nt  atoms  combine  in  a  delinito  manner  to  fitrm  a  compound,  tlb 
proportions  by  weight  in  which  the  compound  ia  formed  are  also  fix« 
by  the  number  and  kind  of  the  elemontarv  atoms.  Since,  Hnnlly,  al 
compounds  are  regarded  jib  congeries  of  tlio  corresponding  olemfiitar] 
atoms,  the  proportionii  by  weight  of  these  must  be  ropreaenled  iudv0 
eally  by  the  numbers  v^liich  are  ubudned  by  multiplying  the  weight  ol 
each  kind  of  atom  by  the  number  of  them.  In  this  picture,  therefore 
the  combining  weight  of  an  element  assumes  the  a igiiifi cation  of  tJil 
weight  uf  an  atom,  ami  the  designation  tttomk  mi'jht  in  place  of  votO, 
bining  wtiight  haa  a  universal  currency. 
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Witiiiii  the  liniiu  Iiltw  givun,  Llie  atomic  hypothesis  has  proved 
on  exceed ingiy  •iscfiil  niil  Ur  iiistrucliun  ami]  iiivc^tigiitiori,  since 
nnilr  fjujlitates  the  inti^ritretation  and  iho  usa  of  tibe  gciiora)  laws. 
!  Diu»t  iiol,  however,  he  led  astray  by  this  agreeniGnl  between 
,iire  and  reatity,  and  confound  the  two,  ,So  far  as  we  have  treated 
PI,  tiw  cbcniiciil  procesaeri  occiirred  in  such  it  way  as  if  the 
wer»  coiDpriscd  of  atoms  in  the  seuae  explained.  At  Ijest 
loUowK  from  this  the  iM'isMUt/  tlut  they  are  in  rwility  so;  not, 
rar,  ihc  'latainlij.  For  it  is  iiiipcs^ible  to  prove  that  the  litivs  of 
tnuaJ  combination  laimot  be  deduced  with  the  same  completeness 
OMUis  of  quite  A  different  assiiniplion. 

*  One  dowa  not  ret^iiire.  therefore,  to  give  up  the  advantage  of  the 

'    '    -is  if  one  bi-ui's  in  mind  thjit  it  is  an  illustration  of  the 

.     in   thtf   fonn   of  a   siiiuble   and   easily   manipulated 

but  which  may.  nn  no  account,  be  substituted  for  the  actual 

On«  must  always  Iw  prepared  for  the  fact  that  sooner  or 

the  reality  will  \ns  different  from  that  which  the  picture  leads 

-    -i^^t  " 

'.-iaily,  when  any  other  well-founded  speculation  leads  to  & 
K  With  tln!  atomic   liypothesis,  one  must  not,  on  that  account, 
the  spetiilalion  **  wrong.     The  blame  can  i|uite  well  attach  to 
kfpotbetta. 

Tlie  atomic   hypothesia,  in  the  sense  dcrelope^l  here,  was  put  for- 

br  J.   Palton  in  the  year  1803;    the  testing  of  '\\a  moeb  im- 

uctiCF.  the  law  of  combining  weighta,  wiia  performed  by 

14S).     On  account  of  its  entii-o  a^'recment  with  txpori- 

ntomic  hypotiiesis  attained  to  a  position  of  grciit  eonsidera- 

and  nntvtTsal  uppliaaiun,  so  that,  even  at  tho  present  day,  it  niles 

uclusivoly  iit  clieraiatry. 

ia  tkth  book  aim  wi!  shall  not  deviate  essentially  fmni  the  general 

Stitt,  it  would  cfTtaiidy  be  to  the  interest  of  the  acience  if 

mn  were  exorcised  in  this  coiuiectiou,  and  for  that  reason  we 

bov  Intd  ntrc^fi  un  uaing  the  forms  of  e.\prcssion  of  the  atomic 

as  apariugly  as  ever  the  present   usago   of  language  will 

US.  The  Molecular  Hypothesis. — Just  as  the  laws  of  weight 

pivcfaacsF,  so  alou  the  laws  of  fAitnif  in  the  iatcmctioti  of 

itanec«  havr  given  rise  to  mechanical  hypotheses,  which 

\yiA  a  similar  though  not  eo  imiwrtatil  a  part  in  the  develop- 

of  chemistry  iw  tlii'*  atomic  hypothesis. 

inw  ga4C0  ^OQil'Ine  in  eq^lf).!  or  in  multiple  volumes,  the  most 
mtil  SMaiuptioti  iH  that  the  bame  number  of  aU>ms  itt  contained  in 
!q«dvt.bna«a  of  the  ditforcnt  elementary  gases.  In  fact,  this  assiimp- 
ioa  vaft  at  first  made. 

Witk   ihi*    aesuniptiatu   however,  the   fact  that   /wo  volumes    of 
T<ira|^  and  ooe  volume  of  oxygen  yii--)d  two  volumes  of  aqueous 


i 
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vapour  cannot  he  brought  into  agreement.  For,  let  ihe  iiiiuiIhM 
atoms  in  tte  unit  of  volume  be  S,  and  let  us  niiikt)  thu  itppro])!! 
assumption  thai  the  sfiine  law  hciMe  also  fur  the  aqueous  vapd 
2N  fttoTTs  o£  water  mtiat  be  proiJiiced  from  N  Jitoms  of  oxygcti  audi 
atoma  of  hydrogon,  i.e.  in  oach  atom  of  water  fiai/  an  atom  of  oxyj 
must  1h3  confined.  I 

This  is  nnt  the  only  difficulty  of  this  kind  ;  on  the  contti 
simihir  ones  are  encounter h)  in  iienrly  every  case  of  eombioi 
between  t'^^seous  aubatAuces. 

To  avoid   thia  eoiitradiction,   therefore,   it  vaa   necossury   to 
titigiuab  lietwoen  the  alo^ns  and  the  smullest  ptnticlc/  of  Hit  <jaf/s, 
we  assuiBG  that  the  latter,  which  are  ealled  mfiteculfi^,  are  coiiipd 
of  si'veral  atoms,  the  volume  rutios  of  the   gases  c-iin  be  satisfacWI 
repreaented. 

The  cotisidenitioii  of  all  known  cases  has  shown  that  a  very  SJH 
assumption  suffices  hero.     The  contradicdou  can  be  avoided  if,  in 
casB  of  the  tleraentiiry  gasee,  f.f/.  oxyyen  luiid  hydrogen,  the  mole 
are  regarded  as  being  formed  wich  of  iiiv  atoms.      In  the  cnse  of  ol 
elements  other  assumptiuiis  are  in  part  n.ece&sai'y,'  nlid  the9<^  wiU| 
discussed  when  we  come  to  them. 

Atcordiflg  to  this  isaiitnption  there  are  contained  in  /''jutil  « 
of  the  different  gases,  not  aii  erjual   niunber  of  atoms,  biit  an 
nuwh^r  of  inoh'fiikf.     If,  sa  mentioned,  the  moleculea  of  oxygen 
hydrogeu  each  consist  of  two  atoms,  and  if  N  ia  the  nnmber  of 
Cttlea  {not  of  atoms)  in   tlic  uitit  of   votunie,   w.;   have  the  follof 
calculation  :— 

One  volume  of  o.vygeu  contains  N  molectdca,  and  therefons  8 
atomg.  AVith  two  volumes  of  hydrogeti  (  -  4N  at-0Di.s}  it  foiins : 
volurae^tj  of  at^ueous  vnpour,  in  vrhich,  therofore,  2>.'  motecult 
water  must  be  conttiinetl.  If  one  assumes  that  each  water  mole 
consiets  of  one  atom  of  oxygen  and  two  atoms  of  hydrogen,  esaeiJ 
2N  moktules  of  water  vapour  can  be  formed  from  the  atoms  presoj 
and  the  actual  relations  receive  a  correct  roproaentation.  ■ 

The  molecular  hypothesis  stands  to  the  conception  of  the  moH 
weiyht  (pp.  !tO  and  144),  [irevionaly  introduced  on  the  basis  of  tho  lal 
of  Gay-Lusaac,  m  the  same  relation  as  the  atomic  h3-pothesiB  stands  M 
the  conception  of  the  comljininy  weight,  and  the  molar  weight  appear*, 
ill  the  light  of  tho  hypothesis,  as  the  relative  weight  of  n  molecule,  SA 
the  moleeulm  ivi^'jhf.  For,  if  an  equal  number  of  molecuiea  is  assumeo 
in  equal  volumes  of  the  different  yases,  the  weijrhls  of  the  dilfcrea' 
molecules  must  he  to  one  another  as  the  weights  of  espial  gas  volume^ 
i.f.  as  the  gaHcoiis  densities  or  the  molar  weights. 

The  re*)uiremont  that  the  molar  weights  shall  be  oxpressiblft  U3 
inlcijnil  values  of  the  combining  weights  ussumes  the  cleafly  tttr 
telligiblo  form,  that  no  fractions  of  atoms  are  to  be  ;Lseumed  in  ibl 
molecules. 
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He  name  aiolt-ctlW  weight  is  in  geneml  uan  for  the  previously 
Wiiivil  i-iHii-pjitiwn  ut  the  molitr  weight.  It  may  alao  Ijp  cmiiloyGd 
iftd*penii^Mly  o*  the  hypothesis  on  whicli  it  ia  baaed,  if  oiio  bears  in 
oinJtbal  il  cxprewids  au  actuji!  rektion,  viz.  the  gaseous  density, 

'  Th^  byi'Ot^psia  jtlst  iloveiopod  was  put  forward  by  Avogadro 

ad  Ampere  aJmoat  simiiltAneniisly  in  the  years  181]  and  t8I2.     Tha 

wmptirm  thnt  in  eqnfll  volumes  of  gasos  eqiiiil  iiumbei's  of  molecules 

i!.(i  is  sometimes  called  tlie  I'lw  ol'  Avogailro,     This  is  mis- 

■-„  ;UiL-e  a  hypotheaiB  can  never  Iw  a  law,      Ii  tijay  liC  i^lltjd  tlio 

mMalf  nf  Avugailro.  The  law  on  which  these  consiileralions  are 
m^  U  ihat  of  the  ratinnn)  volume  ratiua  in  the  rt'nctifm?  lietwpL-n 
gua,  fli»o'»vpred  by  (.■»>■  Limsnic. 

14:-  The  Action  of  Sodium  on.  Water.— Of  liid  chanjies 

■ijci  ukc  j>hce  liy  the  iiitenn.'tidn  tirtiveen  water  am!  sodiiiui  f|>.  8}), 

fans.  MS.  yet,  considi^red  only  tho  evolution  of  hydrogen  from  the 

Vie  aiuiil  now  pttaa  to  the  iriveatigiitiori  of  the  other  products. 

la  Ute  first  plm-e,  the  water  whicli  had  been  used  for  the  reaction 

^^h^  oijinnrd  ajppcaranre,  unchanged  ;  thi.-  product  which  hnn  h«eii 

mB  from  the  eoditiTu  must  therefore  be  '-"hib/':  and  yield  a  oikmrlfss 

ntW     Thiit  something  new  is  present,  ia  shown,  however,  hy  tho 

which  is  iiiiplejis.nni.ly  soiip-like,  and  by  its  power  of  esliibiting 

ttMu  not  shovrii  by  water.     One  of  the  most  <:on,^picuoiia  of  these 

is  the  alteration  of  eertaiu  colounng  suliEtances,     A  piece  of 

admired  puiple  with   litmus  (a  colouring  subsljinee  extruuted 

lichens)   iinmedLately  becomes   bine   when  moistenojl   with    the 

faid  foroed.      A  piece  of  toloiii-lefis  paper  containing  the  artifidal 

p^  fkrnwlftJitfuiirin,   which   is  used   hy  electriciaiia  as   "pole   rwigynt 

*  for  determining  ihu  direction  of  the  electrical  current  in  a  can- 

twcwnes   coloured    piirple-red,  and  paper   coloured   with   the 

vcgctttblc  dye  tiirwtrrir,  becomes  red-browii. 

Wlut  bikea  place  in  the  cjlss  of  these  changes  cannot  be  explained 

;  th«y  serve,  in  the  first  place,  Aa  an  identiticnlion  aign  for 

lance  pitKluced. 

obtain  this  eul>et.'in€«  in  the  pur«  condition,  tho  Water  in  U'hich 

b^Molvcd  must  \*e  rrmovcd.     This  is  cEone  by  heating  the  sohition 

Il  boils ;    the   water   then   pas$e$   into   the    form   of   vapour  and 

while  the  dissolved  substance,  which  is  not  volatile,  remains 

methntl  which  is  generally  used  for  obtaining  the  substances 
in  aolutii>ns  when  they  are  not  or  arc  only  slightly  volatile, 
fioDed  ir»[M\il'i'ii.  The  a]fparatU8  used  for  tlie  pmposo  vary  nccord- 
^lotho  scale  on  which  the  ojwn.tion  is  earned  out  ;  Ihey  all  iigree, 
ftr,  in  being  of  such  a  8ha|>c  thai  the  surface  of  the  evapor.iting 
IliiadlB  Vcpt  a*  largo  iia  posaihlp.  For  the  velocity  of  Bvaporatinn,  or 
|tt*ukoiiQt  of  liquid  evaporating  in  unit  time,  increases,  cWtvis  yuribnt, 
[  ft(>|sirttunul1y  with  the  evaporating  surface. 
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14^.  Caustic  Soda. — On  evaporating  the  soliition  produced! 
tie  action  of  tiOfJium  nn  water,  it  white  8ul>atain;e  is  obtained  whidj 
aoliii  !i,t.  oixliiia-iy  temperatures,  but  whith  readily  fusaa  and  rediawM 
in  a  sni^ill  qnanlicy  of  water  with  development  of  heat.  It  is  the  &■. 
3ul)3taiico  as  Bftrved  in  tlie  combustion  exporiiaont  described  On  p,j 
for  retaining  the  giiseoiia  and  vaporous  prodnct*  of  combustion.  1 
little  of  the  3iibst>ince  b$  djaaolvcid  in  wator  ttie  liquid  exhibits  all  I 
cnlfiiir  reactions  of  tliG  solution  produced  hy  the  action  of  sodiuml 

That  this  subsuiiiL-e  also  contiins  oxygen  lis  well  as  sodium  folloj 
from  the  faot  thjit  it  was  foi'njed,  with  evolutiin  of  hydrogen,  fr^ 
wfttoc  and  sodium  ;  in  it  ther«  ninfit  lie  present  the  oxygen  which ' 
ppoviouflly  in  combination  witli  ihe  hydrogen  evolved.  The  prodfl 
Lawerer,  need  not  consist  of  sodium  and  oxygen  onli/ ;  ii  muy  i 
cuiituin  hydrogen  from  the  water, 

That  it  does,  in   reality,  still  couloin   hydrogen  is  shown  by 
following  expeHmQnt.     If  a  little  of  tha  eubstanoe  is  mixed  *vith  iinel 

powdered  iron,  iind  the  mixtui'c  heat^ 
iti  a  small  tube  of  resistant  ^lass,  cic 
hy  a  lork  through  which  a  drawi 
glass  tube  passes  (Fig.  60),  there 
cacapea  from  the  opening  a  gas  which  c« 
!je  set  on  ftre,  and  can  lie  immediate!, 
identified  as  hydrogen  by  the  film  < 
moisture  foi-med  on  a  eold  glass  bel 
over  ib.^  Since  the  iron,  being  r 
"  element,"  eontains  no  hydrogen  tU 
ronet  come  from  our  substance.  f 

—         The    i-esnlt   of   mora    exaet   aiialyi 
ehews     that    the     product     consists    i 
sodium,   hydrogen,   and   oxygen   in  tl 
r,„.,-«.  proportions     23'05    :   I'tH    ;    lfi-00    b 

weight  It  contains,  theiefore,  nn  oquu 
number  of  combining  weights  of  hydrogen  and  oxygen.  The  cOB 
bining  woighl  of  sodium  has  been  found  eijuaS  to  UTOri  ;  since  tl 
chemical  symlml  for  sodium  is  Kit,  the  formula  NaOH  is  obtniiied  U 
the  compounrl.  In  ehemical  laii>;uage  it  is  called  mHiim  hijdroxidt 
musfic  aifd'i. 

The  name  sodium  hydroxide  is  intendud  to  indicate  that,  bes 
oxygen,  hydrogen  is  alao  contained  in  the  compoiuid. 

Compounds  which   nre   constituted    in   the   samo    way  (la   soJii 
hydroxid*,  i.e.  which,  alonj;  with   the  nietid,  -contfUH  an  cqmd  tiumbi 
of  combiniiifi;  weights  of  nxygen  and  hydrogen,  occitr  in  large  uunibei 
for  almost  every  metal  can  form  such  compounds.      In  consequence 

>  TliH  Hftiue  iir  till'  tiyilrngea  in  genuraDy  uoloiireil  jrellow,  nod  tbu  [rom  the 

uniufr  M  glvKD  cu  \r.  iy. 
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ambuoiag  iheae  ett^munU  Jn  common  they  possess  curluiii  C(in- 
it  proportiV*.  80  that  it  has  Ticeii  found  convenient  lo  give 
1^  *  fpccini  (Aniily  nuniu.  and  itUo  to  ^ve  n  epvciul  tjusigiiatiuii  to 
tit  |pT)ii[i  on.     The  metallic  comp^taiidg  a.m   eallud   baiti-s,.  :uid  Uie 

Cap  OH,   kvJrvjyI.      /Aiw:^    nrc,    thnYfoir,   rwiipuiitidn   of   imtiih   iinih 

Xc£  iU]  ikt  tneUla  couiliitie  with  hydroxyl  in  such  ii  way  thiit  to 
tu  tumlnaing  vreiglit  of  the  metal  also  one  hydroxy!  is  present.  On 
it(  KPRtnry,  otb«r  i-eakBi>aB  ba.ve  often  led  to  assuming  combmiiig 
•agbtefor  the  metals  siicb  ihat  two,  three,  and  even  four  faydroxyl 
pm^  4re  u(iit«l  with  one  comljiniug  weight  of  thg  luclnl.  The 
MmfwiKlirig  hydrtjxiiles  ur  bjiaes  than  hsive  the  fornnil*  M(On),, 
MiOH),,  where  M  is  the  aymbol  of  the  tufijd.  Those  motals, 
K:i-ics  jiroJuced  frmii  them,  are  accordingly  called  di-,  fri; 

LiL  l,-,i.j.  Ill  so  far  us  tlicy  are  soliilile  in  wiiltr,  all  KiliMvc  In  the 
'^Bmyiu  caustic  aoda  with  respect  to  tb«  colouring  suhstJin'Ces. 
BBl  PBlctions.  ttieti,  h«long,  not  to  the  diBVrent  nietala  From  which 
HFImH  havfl    heer     prwhiced,    hut    to   the    common    component, 

U9.  Oeliquesceot   StlbstaQCeS-  —  On   evapoiMting  soUitiona  of 
nda  it  ia  found  that  the  liist  portions  of  wa.ter  ai^e  difficiiJt  Ui 
rinoc  the  vapour  prrissiire  of  the  concentrated  solutions  is  vary 
Bob  niuller  than  that  of  piirt*  water. 

Coiirer»«ly,  CAiistic   soda,   fpyetl  from   water,   has   the   property  of 

IMMing  moist   in   air  l»y  i-nndensing   on   itself   the  aeiueous  vapour 

fratnt  in    the   latter  (p.  125),  and  it  ultimately  tiikes  up   bo  much 

■ttr  Uiat  it  !it|iu't]'cs  to  a  solution.     Ctiustic  mda,  thercfDi*e,  is  calii.'J 

iitfwstky^  Hit  l)S  lance. 

prrtperty  of  deliqueBcing  is  not  otie  belonging  exclusively  lo 
•oda,  lint  also  IjeUings  to  many  easily  soluble  salt».     The  cnn- 
r  it  is  tJiat  a  sohition  is  prorluced  which  has  a  smaller  va^ioiir 
than  the  mean  vajKiur  preasnic  of  (he  water  in  the  air.     Such 
I^AlUiicc!  coutinu<:s  to  withdraw  water  frnni  the  moi^b  air  until  the 
presKiirc  of  the  water  vapour  lieeoines   equnl   to   tlial  of  the 
produced.      If  the  air  is  renewed,  aa  in  the  case  of  Bubstsmi-es 
n  vessels,  the  process  comes  to  an  end  only  when  a  solu- 
Itroiiuft'd,  the  vapiinr  presaiife  of  which  ia  e([Ual  to  the 
pranare  of  the  watiT  in  the  air. 

on  nil  avcraj;?,  ihc  air  is  i^atiiratcd  with  aqileou^  vapour  to 
It  of  do  to  VO  per  cent,  all  sulwtaiices  will  delii|ue9ce  which 
•olutI>>ii8  the  vapour  pressure  o£  which  is  less  than   0'6  oi 
«f  wacvr  at  tlie  aani»  tenifteratma 


l.jO.  Hydrogen  Peroxide.— By  mejms  of  reuctions,  the  detai 
whieh  cannot   he  inHlerstoi"><l   till  later  (Cha|).  XXV,),  it  18  priBsibW 
prepare  a.  stconil   conipumni   of   hydiogen   Jiml   oxygmi  whitli  h. 
diftcrenl  compcsitioti  aiiJ  tsspnlially  differieTiit  ijrojierties   from  w* 
This  coinpoiuid  is  called  lit/tlmiicii,  /icroj-idi;  ii  niiiue  which  expresses 
it  contains   niwo   oxygen   than  water,  which  wunUl  hiivo  to  be  ci 
hydrogen  oxidu. 

The  I'oinpDsitioii  of  hydrogen  [juroxide  is  given  by  the  fona 
HjOj.  This  atates  that  for  the  same  amount  vi  hydrogen  double 
much  oxygon  is  coiitiu'iicd  in  the  nuw  eomprmiid  as  iti  water, 
nitmbors  the  rormiihi  shows  tlint  the  conipouiKl  is  compysed  of  2  k  I"0 
purts  af  hydrogen  and  2  /  16'On  jmr-ts  of  osyyen,  Ijy  weight; 
molai'  or  mi>leciil!ir  weight,  fcl lertffoi'Ci  amounts  to  .1-1  01  (i.  If 
woights  of  oxygen  iiiid  hydrogen  present  ace  divided  hy  this  mini 
and  multiplied  by  100,  the  percentage  composition  of  liyilrogcii 
oxyde  is  obtained.  The  result  is  94"1  per  cent  oxygen  and  59 
cent  hydrogen. 

Hydrageii  peroxide  i);  a  thiukjfih  liquid  with  &  density  \-5,  m 
colonrlees.  It  is  not  easily  prepared  quite  pure,  and  when  II 
ot>ta.ined  it  very  readily  deeomposes  Bpontaneously,  so  that  its  esisteiiOl 
is  always  only  »  piissing  one.  The  decomposition  tHkee  place  accofd 
ing  lo  tile  equation 


2HA  =  2HsOf-Og 


i 


i.f.  tho  EllbstniiCe  decomposes  into  water  and  oxygen  gas. 

Nevertheless,  by  cooling  very  concentrated  stilniimis.,  bydrogffl 
peioxide  haa  recently  been  obtained  in  the  form  uf  cEear  ciyeUlfi 
luelting  at  -  2". 

On  account  of  it9  great  rendiucas  to  decompose,  hydrogen  pore 
is  usmilly  prepared  and  iiaed  in  the  form  of  a  lUlulf  anlutum,  in  wl 
it  ie  nmch  more  stable.     Since  it  dissolves  in  -.tW  proportions  in 
solutions  of  any  desired  strength  can  bo  prepared,  and  tlie  sLraugt 
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usually  statorl  by  thi"  luunbor  of  volumes  of  oxyg<^ii  which  can  be 
evolved  from  oii-e  volume  nf  tlie  solution  on  detompu^itimi.  Since 
2  *<  34  j;m.  of  peroxide  evolve  SJ  gm.  of  oxygen,  which  iiuiier  onliiiiiry 
conditions  occupy  fi  volume  of  2^4  lit.  (p.  !>0),  it.  follows  lliat  every 
gmm  of  poi'Oxide  ovoIvcb  30^  cc  of  oxygen.  A  one  per  cent  solution, 
containing,  therefore,  1  gin.  in  100  cc,  accordingly  evolves  3'53  times 
its  vohinje  of  oxygen,  ami  the  solution  fliclioarily  used  of  strength 
1(»  volumes  of  oxygen  contjiina,  therefore,  I'athcT  less  tliwi  3  per  cent 
of  peroxide. 

This  sjlution  looks  like  water,  but  has  ii  peculiar  astringent  taste. 
It  has  no  dejinito  smell  It  slowly  (evolves  oxygen,  BO  Umt  it  mu^t  not 
be  kept  in  [«;rfectly  close  vessois,  Bince  thflse  conid  tlitis  be  readily 
bursL  The  decomposition  ia  mui^h  less  in  the  cold  than  in  the  hcntj 
and  ia,  mureovor,  very  greatly  iuflueucerl  by  the  presence  of  other 
subslancea.  The  yieroxide  can  be  bejit  preserved  in  n  solution  con- 
taining i»  small  (jiiiinljty  of  some  acid  or  :i  liLtle  spirit  of  wine. 

151.  Hydrogen  Peroxide  as  Oxidising  Agent- — The  o-ise  with 
whieh  the  pei'oxide  deconiiHisca  into  water  und  oxygen  is  idsu  seen 
in  the  preseneo  of  such  Hub^tances  OJt  can  ohemieally  eombirie  with 
oxygen.  Hydrogen  peroxide  is  thereforo  ;in  nMdtmnj  m/ait.  Since 
gaiM-oua  oxygen  is  spenUneoualy  fiimied  from  the  pernside,  Hiid  the 
reverse  rcJU'lion  doo.s  not  take  place  to  a  meui^untble  exttint,  wi;  initat 
conclude  that  the  peroxide  is  a  ^.tronger  oxidising  ageiit  than  giuseous 
oxygen,  i.r.  the  t>eroxide  can  atill  give  up  oxygen  ti>  such  substancea 
as  are  not  capable  of  for'utiiig  compounds  with  oxygen  aan.  This 
goncluBioii  is  baaed  on  tlio  following  reasons  i  — 

It  can  be  proved  generally  that  the  action  of  any  oxidising  agent 
can.  thecretitally,  be  replaLed  by  tht*  action  of  oxygen  g^  Under  an 
appropriate  pressure.  Tho  highest  pressure  of  oxygen  corresponds  UJ 
the  slrongcst  oxidising  agi^nt,  find  f*'"''  '-'.rsa.  Iinagiiiis  this  prcasnro 
detennined  for  each  oxidising  agent  (which  is  generally  possible  by 
indirect  means),  we  ctm  then  arninge  theso  in  a  series  of  deerejiaing 
pressures,  and  we  can  assert  that  with  a  higher  4»xidiaing  agenii  we 
tan,  indeod,  proptre  every  lower  one  fnmi  oxygen  and  the  other 
component,  but  not  conversely,  juat  iw  the  pressure  of  oxygen  can. 
spontaneously,  only  diminish,  but  not  inereass.  Since  o.xy^'un  gius  can 
be  prejkareii  from  hydrogen  peroxide,  but  not  hy^lrogen  peroxide  from 
oxygen,  the  peroxide  must  be  the  higher  oxidising  agent.^ 

These  oxidising  properties  are  particularly  conspicuous  in  the  case 
of  the  pure  peroxide-     In  contact  with  it  lead  powder  ignites  spon- 

'   til  ajiplylug  thU  rL-s^'iiiiiii^.  it  is  tieccwMry  tii  know  thnt  in  the  caxu  of  nu  (iiidii 
KgfUt  (•lilting  Iti  the  i:iiiidll.ii>ri  i>r  a  Milutioii,  tL-  p<i.Hitf[>u   iu  tlie  serii!^  l^  vs.riiit>1e.     ItJ 
ilepeiKkiit  un  ilia  ciiuui'iitruticiii.  nf  lUe  hiiluUi>u,  luid    t-^  al]   Uic  Inwertha  iwhk  dill 
the  aululii-u   b  miuJe,     Tbc  Mime  part  in  p]a)'«it   by  the  prcinurc  of  {iuacfi,  nn,  iii<I.M 
fqilloivfs  ffniij  u/Uat  Ub-,'  bi?en  Mvielp       t^or  ^oliii  su.listkiEtt:t?a  qjiil   iLiiliaXQ^  lujqiiiJn,  lii*v(uvfl 
I  pcMilion  ill  the  nth6i  in  tii^il,  md  uiii]frgv».-.  nn  nppKalablft  alt«n.tiiln  only  tliTou| 
I  of  UmptTitluie,  wliLcli  varied  fraui  vtae  to  uuie. 
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153.  Prei>aratioii  of  Pure  Hydrogen  Peroxide. — Hydrogen 

[jeroxidti  is  miipii  leas  vol^Ltik'.  tliiiri  iviiter.  AVlion,  tlierefore,  a  solution 
of  thf  subaUiico  is  evaporated  thii  watuT  pajusea  oft",  aud  a,  eolittioii, 
rk'lier  in  peroxidw,  remains  behirni  Although  tlie  decomposaliility  of 
the  peroxide  rH|jidly  ijicreaseE  -with  iiiureimiDg  conci-ntnttiyn,  fairly 
strong  solutions  can  alill  be  obt:iinecl  if  one  starts  n'illi  ven  pun 
maLerinl,  and  c^kiTJes  out  the  evaporation  at  a  luoderute  t6iapcL'ature. 

Under  rtiUiced  pressui-e  the  concentrated  solntiflu  can  finallT  be 
sepuMited  into  walei'  and  nlmoat  pure  ptiroxide.  For  thiiS  |iitr].iOH 
the  ]iiLr[^  of  .1  diatilliiig  Hp]Miratus  (p.  Ill)  4aro  coiiiiected  uir-Li^t 
together,  and  iifter  the  lii|iud  to  Ke  dislilleii  haa  bioeii  introtliiccd  tiic 
ap|>aratiiH  is  exhausted. 

The  purpose  of  dii^tillatioa  under  rtiduced  pressure  is  to  enable  one 
to  accomplish  the  diatillalion  at  a  t'ntvrr  irmprralure.  Since  the  vapour 
presain-e  of  all  Hubatiuiees  rieea  with  the  temperature,  and  ^wiling 
i.iLiiura  when  tlio  vnpmir  pressure  has  hecomo  erjual  to  the  eKteriul 
prGSBiire,  the  Kubetanue  will  lioil  at  a  temperature  which  is  ull  the 
lower  the  smaller  tUo  estcmal  pre^isnre  is  made. 

The  lower  the  tampt^nUiii-e,  however,  lliu  loss  is,  in  i-eiieral,  the 
itimntiit  of  diiC'imjxmtiOH,  siiiea  the  velocity  of  this,  like  that  of  all 
chemical  proceaHea,  rapidly  increases  with  rising  terapenuiira  Di* 
tiilation  undei'  reduced  pressure,  therefore,  is  employed  in  idl  cases 
where  s  subsLanctJ  h.o  to  be  distilled  which  ia  not  stiible  at^tlie 
tempcratm-e  of  its  ordinary  boiling;  point. 

\\'\\ta  a  solution  rich  in  peroxidt*  h  treated  in  this  manner,  whrav- 
by  the  temperature  must  be  kept  luidor  ^0',  water  with  a  little 
[jeroxidc  first  distils  over  and  then  almost  pure  [wroxide.  TTiis 
distillate  ia  collected  in  a  seiiarate  vessel,  and  in  tbie  wny  tbe 
substance  is  obtained  in  a  very  pure  condition.  Such  a  process, 
depending  ou  the  diffisronces  of  the  vapour  pressures,  is  called 
friKlii'iiid  'hsitllntum.  In  chemicfli  practice  this  method  liuds  very 
widespread  appliealinn. 

154.  Occurrence. — -Hydrogen  peroxide  occurs  in  very  smsll 
quantities  in  nutiicu,  traces  of  thfs  substaneei  lieinp  contained  in  rain 
and  snow.  Likewise,  aniall  quantities  of  peroxide  are  prodm^ed  in 
many  eases  of  combustion  iind  also  in  other  oxidation  prncesaea  There 
are  ii  number  of  very  delicate  re.iction.':  iiaed  for  the  detection  of  Buch 
small  iiniouiits.  TlioBf,  however,  cannot  Imj  discussed  hero,  eince  ihey 
prestipjKise  a  knowledge  of  other  substances.  They  will  be  discusse 
at  a  suiuible  ojipoinuiity  later  <Chiipe.  XXIX.  and  Xl^L), 

150.  Catalysis, — iSinco  hytlrof;eti  peroxide  can  decompose 
taneoUKly  into  water  and  oxygen,  a  qucation  arises  similar  to  that  asked 
on  p.  G5  with  regard  ti3  the  combuation  of  suhstatices  in  the  oxygen  of 
the  air :  Vhy,  then,  does  the  hydrogen  pcr'oxide  not  decompose  ?  The 
answer  is  similar;  It  does  Jeeompose,  but  with  vcrv  varying  velocity. 
To  ilhialrate  the  existing  relations  by  an  analogy,  one  can  imagine 
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hydrogeii  pei-oxide  repia'ced  hy  Hqiiid  oxygen  contained  in  a,  vessel 
wbicb  is  not  complutuly  closed.  Tha  oxygon  in  this  vessel  is  also  not 
in  u  pcnDan-t'itt  condition  of  equilibrium,  but  it  eaciipo:^ ;  still,  although 
it  is  in  communiciitiuii  nnlh  &  spiice  of  luwer  pressura  its  prossure 
does  not  fitii  tu  th<^  lowtT  valine  iHrtimtinitcuMi/,  but  only  slowly,  lilid 
this  vrilb  a.  vulcjcit-y  which  depends  on  the  size  of  the  opening  a.nJ  on 
the  amount  of  friclinn  wliieh  taltea  placs  in  the  opening.  If  the 
op«ining  is  very  aniall.  it  amy  be  a.  long  time  before  the  esL-iipe  of  the 
oxygen  liecnnies  noticcaMo.  Every  eircumstiuice  which  niKlces  the 
opoaiiig  more  accessible  will  hasten  the  lowering  wf  the  presBure ; 
^very  eircrnnstaiice  which  raak<^s  it  less  aocessibk  will  lengthen  the 
period  of  the  existing  condition. 

Id  the  ciifie  of  hydrogen  peroxide,  now,  there  are,  as  a  mutter  of 
fact,  very  viirioiis  cirtiimstfinices  known  which  net  in  the  sense  of  mi 
enlarging  or  diniiniahing  of  the  opienin^,  *.'-.  which  ehnnge  ilia  velocity 
with  which  thiii;  rtpuntiintioiiti  und  continual  decomposition  takes  place. 
Thus,  porous  iind  powdered  aiibstances  greatly  aceelpriLl*  the  evolution 
flf  oxygen.  The  action  is,  however,  by  no  ui&ana  a  purely  mechanical 
one,  for  different  powders  of  similar  fineness  have  a  vei-y  diflerem 
action  accoi'diii^  tt>  their  chemical  tiattire.  Pyrolusite,  which  in  like 
mannnr  also  accelerates  the  [perfectly  similar  decomposition  of  pot:isginm 
cblomle  wheti  heated  (p.  <>3),  is  especiaUy  eU'ective.  By  ahjilcing  n 
Milutiou  of  hydrogen  peroxide  with  pyrolusitc  in  an  apparatus  which 
allows  of  the  evolved  osygcn  being  collected  tiiid  nieaaured,  the 
amoTiut  of  hydrogen  peroxide  in  the  golntion  am  be  easily  and 
quickly  fletemiined. 

On  invodtiyiiting  the  pyrolusite  after  the  experiraont  it  is  foimd 
to  be  iiiich;inj;ed.  Ftn*?ly  divided  pljittmim,  which  likewise  remains 
unchanged,  ;iGtd  iti  a  nimilar  manner.  (.Itlier  linely  divided  metals,  such 
*a  copper  and  wwlmiiim,  do  not  appreciiibly  hasten  the  decomposition. 

Such  substances  which  act  Jia  pyrolusite  /tnd  platinum  do  here, 
do  »a  to  alter  the  velocity  of  a  ehemieal  pi-ocess  without  theiiismlves 
being  chaiiig<'d  by  th»  process,  have  already  been  mentionei:!  (p.  107) ; 
they  are  ealle«l  nitnl^ffrx,  and  the  action  itself  is  called  ••tilniytir 
acUun. 

*  Uf  the  catalysers  it  can  be  stated  generally,  that  Ihetf  mn-iwi 
briwj  aiiOT^  rrtKiunui  which  u-uuld  nal  of  (liemseltva  take  pliiff  Sjioiitoiwovslij 
if  enfii  •ndtj  with  ii  i-eri/  .•'iiiaU  relmti/.  If  ii  were  the  case  that  ;i 
rDaclion  could  \)v  })rought  about  hy  it  catAlyser  in  a  direction  upposite 
to  that  which  it  Uikcs  by  the  action  of  the  partifi[Mting  substances 
iiJone,  one  coidd  allow  tlie  siili^taofC^a  to  interact  altci'mitely  with 
and  without  a  catalyKer,  and  thereby,  time  after  time,  obtjirn  reverse 
processes.  These  |'ro'^ea«e.9  eoutd  Ihj  used  to  perform  work,  and 
could  thus  establish  a  ptijiduum  nmbUc  of  the  (tecoiid  kind  (p.  136J 
which  is  in  ■opposition  to  experience.  Thits  it  is  not  to  lie  expect*:' 
that  a  catalyser  could  be  found  through  the  action  of  which  oxygflii. 
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153.  Preparatbn  of  Piire  Hydrog 

peroxide  is  luin.'li  h'^a  vobttilc  tlimi  miiTj'i- 
of  tie  suba&uice  is  L'viipiomtfd   Uii:  n  i 
riclier  iti  peroxide,  reinuina  bfUiiipi.      A- 
thti  peroxide  rapidly   inci'Basea  with    i 
strong  soliilioiis  cnii  still   be  obtnir  ■^'.' 
niaLenal,  and  carries  out  the  uv*i]ir 

Under  reduced  jirensiiru   ihi' 
BSpunitcd    itittt  walpr   and  itlmo^i 
the   [larts   of  n  distillitiy  np|ijit-.u:i 
tngether,  ;iiid  iifler  thtf  iitiuid  ti.  '■ 
ap[>aratiia  U  exhiiuBled. 

The  purpose  of  distillntion  nii'i' 
to  iMJCDtiiijlish  the  (iiatilhition  j»t  .• 
pceaaure  of   all    subaUnoes   j  i  ■ 
occura  when  tiie   vafumr   pi>- n 
piesnui-e,  tiie   substaiici."   will    boil 
lower  the  smaller  the  exLcrrjut  ;■' 

The   lower  tine  tempem' . 
avioHi'l   of  decompwUiiiii,   siinr 
cheiiiit'al   pi^eciiKes,  j-iipidly    ir  .  ■ 
tillnliuii   under   reduced   pri--  ; 

whei*e    a   subatjuice    has    lo    I 
totnpet'alure  of  its  ordiiuLry  K 

Wlieri  a  aoiutioii  rich  hi  [• 
by   the   teraijenvture   must   ii 
peroxide    (irst    distils   over    ■ 
distillate    is    colk't'tetl    in    r 
siibsUuL-L'    is  obUfcined    !■ 
deporiiliiig    on     the    dili< 
frurlii'Mil    ilifftilfation.       In    il' 
widesprBad  applies timi 

1S4.   Occurrence. 

qimntitiea  in  nature,  ir.i 
and  snow.      Likuwisp,  -; 
many  imisqb  of  comlnislii'  > 
are  ti  numl>et'  of  vrry  'l. 
am;ill  amounCs.      Tlicse. 
presuppoae  a  kiioivlndyi' 
at  a  siiitjibld  opportuniti 

15&.  Catalysis.—^ 

t-ineoiialy  into  n-atoi'  i.ii'l 
on  p,  65  wiUi  regai.i  ■ 
the  air:  '\^"hy,  Uk-h. 
answer  ie  similar  :    I 
To  illuatnite  the  ex 


iJrogen  peroxide.' 

,  ientical   witli   the 

alaiiy  of  i.  yeijxhiini' 


-vaiA- — Approximately 
«ttK«,  suice  it  readily 
•iK.  The  <'aiLse  of  this 
7ii  Wi»l«r  and  oxygen 
-  die  ftL'tion  perhiips  of 
::iiiin^  [irirtioiis  l>eeome 
^  aitiotiiiu  of  h&at  are 
.^■iJi-AdvaucC'  one  aiiother 

4^  twctiona  take  place  in 

For'  exiimple,  whuji 

.ijil  ihc  vapour  pirssure 

111  thfl  reverse  niaiiiier 

-riLii  sf-fl/c  (•/  rrjuUil'iium 

rr  state   whiuli   can  U 

■I-  iiptircvich  to  the  stJito 

!■  <if  slowness. 

i  ui  [hf   pei'Mxide   (he   heJit 

M  ijifiiioiicp  of  pyrolusitfi  or 

a  iii  0  thermometer,  fo>r  the 

;|e  ordiii^iry  solution,  which 

^^oD  siwiden  de  com  position, 

■  'ttat  were  avoided. 

:uio  tt  knowledge  of  tho<w 

'     ^aeeitfs.is  an  important  task 

-,  Tin'  miiny  general   quealiona 

■  ,1  the  amounts  of  heat  giTen 

>«di3  •'/ 'fifi'-H/  ctium'cted  with 

^  diemieal   prnt^esaes  aie   the 

'a  things,  plitnit!^  as   wdl  its 

life  ,  since,  also,  the   etier^ 

'^^jv  fi«in  clienuL'al  somn'es, — th« 

.«<lily   sei.'ii.     We   lihitll  her* 

-iigiitions. 

,'  (>  II  hint  of  rnrefty.  It  is 
.  ..Mxliii'od  with  especial  eaw 
j[iy  L'hemital  reiietiou  occurs 
II  g<jEier<il,  ii  dilTereiit  eiiei^ 
cif  tho  two  iiniouiits  appears 

•  mawn'rutEft  ii-''>it)ohi.     Ill  tlie  cAi^  at 
_'^  llif  niiiiQtniiiioii.q  fiTminlJon  of  <nio]l 
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ilJcult,  thi3  prodiictiou  of  otiier  forma  of  energy 
I'-vflujieil  if  the  unergj  of  the  jircHlucts  isBmiiUflr 

■  I   milistunctjB  ;  th-e   ttMntfcmture   ct'  tht   reatling 
■iiversel)',  if  the  miljKUtiicus  am  converted   into 

energy   iban    the    imgiiial   rjiies,   the  energy 
'■n  in  the  fomi  of  heat  from  tlic  i^eacting  systein, 

■  1   thii^   falls,      buiii  cases  wro   tJussible,  but  the 
'•n  mun:  frequent. 

m   which  the  chemical   r«flction  takes  pla^e  is  sur- 

■i  Tiiilk  nf  wuU-r,  the  heat  which  is  generated  parses 

;•■   ihe  (■(nivCTaa  ciiae,  is  tjikeii   from   it.      If  iho 

I-    kfi'iwii,  and   if  the  clmrige   of  tomperaUre   be 

If  prudiR't  of  the  two  rnimlwrs  givi'B   the  i[ii«iitity 

(.     For    the    >tnit  nf  ItMi,  or  the  taXunr,  haa    been 

I-  the  (juaiitity  of  heut  which  is  iiecessiLry  to  i^hiinge 

J    1   gm.  of  wrttor  1  .      If  N  gm.  of  water  experience 

i'TaMirc  of  /',  the  torrespoinimg  quantity  uf  hoiit  iw 

'■I  4*18  Nf  jouleB. 

'.  iiowever,  the  quuntity  of  heat  developed  vanee  with 

'     »«W'(jircy,   and    is,   indued,    proportional    to    this. 

...MW  definite  numherB,   therefore,  the  qimutity  of  hetit 

fmrr.d  t'O  definite  amotints  of  Eiibatance.     Foi'  thii^  purpose 

in^  niL'thod  of  procedure  is  in  general  tise : 

cLioii  ia  uxprifi^Red  by  a  chemical   e<|ilation,  and  is  ioiagiiied 
■pWe  betWHfii  as  many  grmns  of  the  diHerent  reacting  sub- 
tile nuiiibcra  of  th-'  corresponding  combining  weights  amount 
nantity  of  any  sii)>8taiice  whose  wi'i^rht  in  grama  ia  er\nyA  to 
J©f  Ihe  conibirdng  weights  coritained   in  the  fonmda,  we  bave 
vintiU  of  the  siil)sUin<;e  (p.  159).      In  short,  iherffurc,  the  quan- 
tteat  in   chemical   rL'actions  are   calculated   for  moles  of  the 
I'iiilwtiinces. 

The  Heat  of  Formation  of  "Water.  -To  give  an  example 
[hu^  just  hi^.i.'-Li  i^aid.  luL  us  consider  the  development  of  heat 
ill  the  combination  of  oxyg^en  and  hydrogen.  Evidently 
ry  coTisitierable,  since  it  givea  rtse  to  eueh  a  great  elevation  of 
futapprature  as  thi;  experimoiiLs  mentioned  on  p.  103  show. 
The  eiiieririienta  which  have  been  performed  ia  this  connection 
l4V>w  ihftt  ill  this  process  fiS,400  calories  are  develi>pi->(l,  when  one 
linnli^s  18'U2  gni,  of  water  is  formed  frfim  its  elements.  An  idea 
jtif  thin  quantity  is  obtained  on  considering  thaC,aGcoriling  t'l  this.nioi'13 
[Uuui  tt  litre  of  water  could  he  heated  from  0^  to  boiliiu:  through 
I  the  cotnhiutioii  of  3  gm.  of  hydrogeu. 

"  This  niimher  can  be  at  once  used  for  an   intereatitlj 
If  we  imagine  the  heat  which  is  developud   u&e<l  only  fo 
;  tvin[K<  rat  lire  of  the  aqiieoiiB  vapour  prudueed  by  iht-  coitilv 
detonating   gaa,   the  t6m|ierature  of    the    flame  of    the  i 
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blowpipe  is  oMaiJied  by  dividing  tho  qimntity  of  he^t,  68,400  caL; 
llie  Miiount  iif  liciit  re<|uii'€(]  Ui  raisi;  18*02  giii.  of  a^iueuus  vapour 
degree,  or  t.iie  ihrniuii  mjindlif  of  thiji  amount  of  vaijoni'.  s>inc4 
round  iiitmbors,  9  calories  are  required  to  heat  IS  gm,  of  water  vap 
i°,  the  result  of  the  calcuUtion  is  thM  the  teraperntiire  o!'  the  i 
hydrogon  fl:imt:  must  l>e  6S,40O/9  =  760U  .  This  number  proves,  a 
ever,  to  be  much  too  high,  since  mettsuremeRts  have  given  values  wl 
do  not  much  exceed  3500°.  ■ 

*  The  cause  of  this  disparity  musi  be  nought  for  in  two  dlrecta 
lu  the   first  place,  the  thermal   capwcity  of  ai[U(;oiia  vapour  La« 
given  villi*  only  Jit  lower    Icmpei'aturt-s ;  at  higher  tempeniture 
becomes  graatcr,  and   the  temperature  tulibI  therefore  become  loi 
But  thun — nnd  this  is  the  chief  poitit— thecomhiimtion  of  oxygen 
bydrogen  to  WiLter  is  not  at  all   complete  nt  higher  temperutures, 
the  higher    the    temperature    is,  the    gi-oater    ie    the    portion  wl 
remains  un com! lined.     The  combustion,  therefore,  raises  tlie  temp 
ture  of  the  iiiiniG  only  to  tin?  point  where   a  further  elevirtioii  ws 
affect  It  separation  of  the  water  produced  into  its  elemanla.     P"ur 
combustion  then  takes  place  only  in  proportion  as  heat  is  wilhdr 
by  conduction  i*nd  radiation,  jmd  must  be  replaced  by  fresh  combuat 
This  tempamlure  is  then  the   true  temperature  of  the   Haiiie ;  fori 
oxyhydrogen  flame  this  is,  as  already  mentioned,  about  2500  , 

On  the  basts  of  the  Uw  or  the  conservation  of  energy,  we  ciin  Hti 
ia  the  first  place,  that  the  aamc  quantity  of  heat,  fi-S,400  cal.,  as  * 
developed  in  the  formation  of  one  mole  of  wuter  from  its  olerae 
will  l>c  again  utistrlKil  in  tho  ihmmjtasiHoli  of  water  into  its  eJeme 
For  if  this  wore  not  the  ciiae,  it  would  be  possible,  by  the  alter 
formation  and  Jecumpoaition  of  a  ^iven  amount  of  water,  to  cause 
proilnction  or  the  diaappeaiancc  of  ,'Liiy  desired  jiiuoimt  of  energy. 

The  ftii'lher  conclusion  eaii  also  he  draWn,  that  the  same  quao 
of  heat  pz'o  mole  will  always  be  developed,  no  matter  in  what  wa 
Wiiter  is  formed  from  ita  eletaeiits,  wbetber  by  eotnbustioii  with  flam 
or  by  any  other  process.  The  correctness  of  this  ussertion  c& 
a\iO  be  proved  from  the  law  of  the  conservation  of  energy.  In  tlu 
case  we  must  ouly  hold  Co  the  suppesition  that  no  uthor  forms  i] 
energy  appear  or  disappear.  M 

()a  the  other  hand,  the  d!evelopment  of  heat  miut  be  dtfTereidl 
water  is  produced  not  from  (he  gaseous  elements  hut  from  some  oth* 
siilistsinces  which  can  yield  oxygen  and  h3-drogeu.  And,  indeed,  Ul 
(liH'erence  must  amount  to  exaetly  as  much  as  the  amount  of  he) 
developed  or  absorbed  in  the  conversion  uf  the  gaseous  eleineute  iirt 
the  compounds  in  ipieslion.  This  theorem,  aUu,  is  baaed  on  the  Itii 
uf  the  conaoi-vation  of  cnor^sy. 

With  reference  to  the  proltlem  before  us,  the  principle  of  fhe  cOl 
servation  of  energy  in  its  raoat  general  application  assumes  tl 
fnl lowing  form  : — 


160 


Tien  an.  in  geiitTal,  l>o  aacriJied  to  every  substiiice  existing  in 
■  definit«  naM)  a  doliniio  oontept.  of  energy,  whicb  is  proportional  to 
iksMuniiiit  tff  8iil«la,ru'u,  and  ivhich   for  a  mole   has  a   i]i;finite  value. 
Tit'  »l*nlnt«  ttrnniiiii  of  this  idixcvgy  is  iiuknowu  to  iia,  ejnce  we  cuniiot 
minT  wny  ali^tntct  frwrn  a  siilistjinco  all  the  energy  which  it  cnntidua. 
.  hi>w.-vcr,  measure  the  MjfererifAt  ci  energy  liotwten  two  sub- 
Wore  anil  niter  the  chemiml  process,  for  tliese  are  the  iimount* 
(((nergy  whifli  are  develoi>ed  or  alisorhod   as   heat  in   the   reuttioii. 
«ergy  relations  of  aubstaDces  can  he  represented  in  the  fnriu  of 
iorw  in  which  tha  eiKtrgies  of  the  single  Biilistimt^es  nre  so  ropre- 
il  th.tl.  ilii'ir  iliireti'iici's  havr  ik-finite  values. 
1J9.  Therm ochemical  Equations.     From  this  there  follows  a. 
*kUi»)  p(  rttiitirti;  the    results    of    sucli    nu-iisiirenicnts  Iti  a  mamiei" 
■Biibli'  for  Rilcidatifin.     The  i-lionii«il  formula  of  a  siiliBiaiice  reudvea 
(^  ui<iitititiAl  eignifi cuticle  th»t  it  reprtuieDts  not  only  the  compos iUon 
tal  ilnj  the    enerifij  cwilrnt    of    ihc   KubsMriPC!.     Tho    ef|iialion    of    a 
t^cmicaj  )ir'>reaft,  thcn^  whi<::h,  apiirt.  from  this,  eoiitains  on  either  side 
iWheuc  I'lemcnt-i  in   pi[iial  uraonnts  (p.  14:*),  miiat  be  stipplementi'd 
Wthr  *t»U-m''fil  of  the  iiiuoiint  of  energy  which  is  neceaaary  to  iii«l<o 
tit  nlai4  o(  the  energy  on  both  ai<les  idso  etiual.     This  i*  the  differ- 
■et  of  tlic  uuiuunU  of  energy  of  the  auh;jtiiu€e.5  before  aud  after  thfi 
nactiaR,  i>.  ilip  amontit  of  heat  developed  in  the  rraction. 

Forcxuapio,  to  exprcaa  the  change  of  unur^y  in  the  fortimtion  of 
aurfrgm  itn  elemenu,  in  the  fomi  of  such  an  L'i|natiorj,  we  write 

2H,  +  Oj  =  'lU.p  -t-  2  X  68,400  va.1., 

rtii  wo  read  thus:  The  energy  of  two  moles  hydrogen  and  one 

tdt  on-gcn  pxceeds  that  of  two  nioloB  nf  water  liy  2  k  lit', 400  cal. ; 

■II   ^ihiin  oxyj^Rnand  hydrogen  nnil*  to  form  water,  wnn?r  is  proibicwi 

iiAiitutka  aiiiount  of  L'iierg>'  eijual  to  ilH,4iil)  ral,  pro  mole  of  wiiter. 

Tins  tiu>th*.Hl  of  writing  allows,  in  the  lirsL   plat-e,  of  the  resnlts  of 

■MtaireiDcnt  l»i«g  repreaenlad   in   an  ii nambi pious  mannur.      It  has 

lb*  foniirJ-  f-rcfti  advimtJLge  that  it  also  makes  it  possible  Ui  wdenlate 

l*>  Wml«>  uf  retietioii  uf  procoeses  which  cannot  lie  diiuutly  nieasurud. 

'  f)  uf  doling  thiR  will  be  given  inimediatcly  when  we  eoine  to 

i<.tun)  rnsa. 

^r«l»   thp   form   of   theao  caleidalinns,  it   hiia  to  he  fm-ther 

1  OiAt  in  future  the  absolute  unit  of  ener;^y,  the  r:iir  (p.  '2'-i), 

■  d  in  place  of  the  arbitrary  unit  of  hent,  the  calorie.     Since 

-  too  siuiiU  for  theacciuaey  of  thcmiochcmical  measurements 

L'.t&ined,  the   kilnjo\]lo,  /j"=in"'  erg,   is   uaed   in   its  place. 

calories    to    kilojouloH,   we    havo    the    eijUatioii    1    cal.  = 

'  i-f.  or   ]    i-j  ^  2yj-l    cal.     Tbi'.  eiioation,   theraforo,   for  the 

<«natwn  ol  wat«r  from  its  elements  reads 

2H,  +  Oj  -  2HjO  4  2  «  2Bti  %'. 


166 


PRINCIPLES  OF  INORG.VNIC  CHEMISTRY 


Ifin.  Heat  Effects  in  the  Decomposition  of  Hydrogi 
Peroxide.^Thc'  ilevulo[)meiiL  af  htat  ivKich  jn'coiujaiiits  the  tJow 
I»ofiilion  of  hytiroi^en  peroxide  into  water  and  oxygen  gas  (p.  162J1 
be  I'liprsHenttd  in  a  timilur  nia-niier.  The  rctsidL  aht»inQd  by  measiD 
muiits  is  that  an  amount  of  lieiit  ie  developed  erjti.il  to  &7  ^j  y 
mole  of  hydrogen  peroxide.     We  must  therefore  vrrite 


2HjO^  =  -lUp  +  0„  +  2 


97  hj. 


From  this  tbere  fullowa,  by  reamuyement, 

2HjO  +  O,  =  aHjO^  -2  '.9-kJ. 

This  ecjiiation  differs  strikingly  from  llie  fi-imier  one.  Whe 
the  prQ™iis  caao  the  /orwimi  of  the  compound  ivas  accompanie 
;i  dovel*>pnient  of  heat,  the  comjiound  conuuniiig,  therefore,  less  enaq 
than  the  cumponents.  the  oppi:.3ite  is  ht^re  the  case.  Om:  must  111 
therefore,  aasumo  that  eren/  proceas  of  uomliiimtion  takes  place  wi 
evolution  of  heat :  the  reverse  is  also  possible,  although  less  frei^v 

If  we  write  the  two  equations 

L>H^-hOj=2HjO  +  5T2y 
and  2HgO  +  Oj=2H,0,-  194 -ty" 

below  one  another  and  add,  we  obtain 

2U2  +  20^=2HoOj+2  A  lS9kj. 


Expressed  in  words,  this  equation  reads :    In  the  tombir 
oxygen  and  hydrojjen  to  form  hjdroyen  peroxide,  189A;*afe  develop 
for  every  mole.  J 

In  this  wuy  we  obtain  the  heat  of  reaction  of  a  pro>efiSs  which  ^ 
not  lie  curried  out  in  snch  a  wa.y  thfit,  it  can  be  measured,  ami  whif 
therefore,  eannot  be  directly  invesligHtud.  The  juatitimtion  for  ll 
calculation  lies  in  the  fact  that  evory  formula  in  a  thermocheniii 
e(}untion  represents  Ji  definite  wmoiint  of  ener^jy,  and  in  the  fact  tl 
energy  magniludea  can  he.  ndded  without  limit.  The  calctdatii 
therefore,  pi-esupposea  nothing  mora  than  the  validity  of  the  law  of] 
conservation  of  energy. 

On  subtracting  the  upper  equation  from  the  lower  we  obtain 

SHjOa  +  2H3  =  4H5O  +  2  X  383  Lj. 

That   is :    on   the   combustion    of    hydi-ogen    to   water    by   mean 
hydiitgen  [leroxide,  383  hj  pro  mole  <if  peroxide  are  evolved. 
again,  the  bent  effect  of  a  re.action  has  been  oilculated  which  eaof 
be  Bubjactcd  to  direct  measurement. 

As  can  be  seen  from  these  calculations,  one  can,  on  the  basia  oJ 
few  measitremenla,   calcaiatc    tho   heat  efTect   of   quite 
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tsKtioiu  vhich  take  place  or  could  take  place  between  the  reacting 
nbitUKes.  The  number  of  calculations  poBsible  increases  very  rapidly 
ffitli  the  number  of  direct  measurements.  There  is  a  whole  branch  of 
Ktendfic  chemistry,  known  as  thermochemistry,  which  has  the  study  of 
t^  relations  for  its  object 

These  calculations  can  be  most  readily  reviewed,  if  for  each  com- 
poanJ  the  (positive  or  ne^tive)  heat  effect  which  accompanies  or 
Tould  accompany  iu  formation  from  Us  eUmenis  is  calculated.  This  is 
died  the  hwi  of  formation.  The  heat  of  formation  of  water  is  equal 
ID  266  kj ;  that  of  hydrogen  peroxide,  189  J^. 

^a  the  sequel  we  shall  give  the  heats  of  formation  of  the  most 
inprntant  substances  so  far  as  they  are  known  ;  from  them  there  can 
tkn  be  calculated  the  beat  effects  of  the  other  reactions  in  which  these 
nbituioes  take  part 


CHAPTER    IX 
CHI^RINE 

161.   Formation  from  Hydrochloric  Acid  and  Oxygen. — 

now  turn  to  the  study  of  hydrochloric  acid,  which  was  used  (p.  88 
the  preparation  of  hydrogen.  From  those  experiments  it  foUai 
that  hydrogen  is  one  of  its  constituents.     It  contains,  besides,  anot 


Flu.  «1. 

element  called  rhhiiiie,  which  in  that  experiment  did  not  hect 
visible  becHiise  it  united  with  the  zinc,  for  which  very  reason,  indi 
hydrogen  was  formed. 

To  obtain  this  other  clement  we  must  proceed  in  the  revf 
manner:  to  set  free  the  chlorine,  we  must  convert  the  hydrogen  i 
a  compound  which  c;in  he  separated.  This  we  cjin  eflfect  by  acting 
hydrochloric  acid  with  oj-i/gen.  If  this  action  took  place  in  the  desi 
way,  hydrochloric  acid  plus  oxygen  would  pass  into  water  plus  chlori 
and  we  should  attain  our  object. 

As  a  matter  of  fact  this  process  is  practicable.     If  a  current  of 
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IfiU,  where  chlorine  iiiid  water  wt-rt?  produced  from  liv<liutlilont: 

an<i  oxygrn,  a  wiuradkuoii  iui^iiis  to  bp  fontJtirieit  in  the  foi'L'going 

for  iu  thitt  (M»is  c^xiiotly  the  op)>oBJt«  reaction  took  plttce, 

dilorinu  til  contact  with  water  fui'uiccl  a  muva  staljk  sysLvm   than 

acid  aud  oxj-gcii,      The  difterenct^  liea  in  the  fuct  that  in 

fon&er  owtf  we  were  denliug  with   ijiisnm.*  hydrngtiii   chlnriik-,  but 

with  ■  dilute  riqufou"  xiJii/i-iii  of  It,      Thu  dliiljility  of  ii  «>iniHiund 

[raqiMntly   much  greater  in  sututiiin   than   in  tlic  pure  ubit.e,  and 

joU  M-Actiohf  eitn,  thereforp,  reiidiiy  iiudtri;')  reversal,  iicconliug 

•fur  or  thf  iithtr  conditioTi  oljtitiiis. 
166.  Chlorine  Hydrate — The  Phase  Law— AVben  gaseous 
is  i"«a.?otri  irif.1  ire-cold  wdtt^r— ii   is  liL-wt  in  hiivi.'  snuie  pieces 
BoALiit^  in   ihe  liijiiid — :i  ^r<.<e;nish   cry:^t»llin€s  Guljstitni^c;  amn 
iiiit.     This  ewnsisl*  of  chlorine  iinil  w;i1.er  in.'i^onIin^  to  the 
iX,  ■<■  8H.O.,  iiml  is.  cidtrd  rhUiriiiv  In/i/rali;      L"ridL<r  atmospherie 
this  sulMUiiicti  IB  nldhle  only  ii}]   to    +  9*6''  ;  it'  iiL'jited   In  a 
tetafKimture  it  ilecoujpiiSL'H  inlu  (.'liloriiie,  whieh  e^etLjjes  us  n  gm, 
VBUT  («itiiral«l   with  ehloriiir),  which   rfiinaiiis  Iwhind.      IE  the 
be  ihcTisase4.  chlorine  hydmio  cnii  U-  kupl,  ;it  still  higher  tem- 
;  if  it  lir  hiwercl,  the  tt-miiofature  of  stuhility  o£  the  hydmte 
lower.      There  i-orresp<>nds  tti  laich  u^miierittiirc,  therefore,  a 
insBurv  of  the  chloriue  gas,  at  winch  tht^  hydriite  can  exti^U 
rvUtiutis  show  the  j^rwitest   BiiiiikriLy  to  those  t-siytirig  in 
ol  A  volatilr  liquid  (p.  1*23),  wheru  the  pu^hility  ol   liquid 
•n^MMir  fxistin^  siile   by  side  ts   idso  ussoeiiil^id  with  a-  dotirite 
bivli  incrf.ist-8  «ith  rising  teDi]M?i-iitnr(-  hut  is  inde[>ciidctit 
rdativ«  or  ithwilnte  amouiiLi  uf  the   two  foi-nis.      In  this  eiisu 
Um  aoMCiicc  of  (.'liiorine  liydnite  in  contact  uiih  (;uHeoii»  cLlorinu 
wluciijo   is  r«^ulAtitd  only  by  a  relation   between  pressure  and 
—    md  the  ijuanlity  relatione  httVe  no  iriHu^'nce. 

.'■>.•  I'xisU  hi-re.  however,  in  ao  fac  fw,  in  the  condition  of 
im,  Ihort:  urc  prt.-)n.-nt,  not  ttr-'  phaaw  {p.  HI),  but  thri-f,  viz, 
bydmt*^.  m;kUinit«.-(l  ai^ueoiis  solution  of  chloritJt\  and  giiseous 
:itt.     Thia  18  due  to  iht'  hid  thii-t  We  art-  not  now  dcnling  with 
r.,r:!li*.rini«  oi  a  .(iji_ij'/f  aiilistjince,  an  in  the  case  of  water,  but  with 
-,    vrat^r  Mnd   chlorine.      In   the:  same   Tn«>a.suri>   us   the 
.•i)lFStanr£8  incrcasoa,  the  nunihcr  of  phuaea  which  can  exist 
■A*  Vr  ndc  i»li*o  incre«s.'8. 

iwt  a«  vr»UT  aloK^  with  vnpiiur  or  ;d(nig  with  ice,  t.r.  two  fihiiaes 
rf  vibT,  CAD  exii^t  HJle  hy  siiU*  nt  diffrmtt  tcinperatiu'es,  but  ihraa 
t^W^iu.  wut«r.  tupoiir,  and  w.,  only  ut  unr  »inijk  temperature,  t^o  in 
lii  .«>  jni  f^f.f  there  <"i»n  exist  ilifi:  phases  side  by  side  ;ti  diti'ereiil 
Mill  ibcre  must  he  a  single  point  at  which  /(Wr  phiwcs 
it  Such  n  ]ioirt  la  got  when  we  asaume  ica  as  fourth 
.  iriuttcr  of  fact,  ice,  chlorine  hydrat*,  chtoiine  water,  iiud 
in  exist  side  by  fiide  at  the  temperature   -  0  24  ,     This 
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conceiitratBtt  hyd  roc  hi  uric-  acid  is  pUccii.  The  evohilion  of  gas  laket 
place  in  r>ropi>rtion  iw  tho  ftcid  is  Allowerl  wi  flow  Ur  the  l<|t^<i')i)ng- 
powder. 

The  theory  of  this  process  <y;iui(.it  be  givon  till  later  (Chap, 
XXni);  it  must  miHice  here  to  iii'Ucate  that  we  are  agdin  dealing 
with  an  oxidiition  uf  th^  hydrochlune  acid,  the  hydrogfln  of  tliis  lieing 
converted  into  water. 

163.  Properties  of  Ctloriqe. —  Hy  these  methoda  a  giisuoiu 
siihstviiict-  is  obutiiii'd  id  n  ycllijwish-yi'eeii  colmir,  which  is  distinguished 
by  verj'  utriking  prnpertiies  from  (ill  the  yiisos  hitherto  described.  It 
possesses  in  iho  highest  degree  the  ini]<lcaa:i]it  litneli  we  Usivo  already 


Fin.  us 


mentioned,  hns  &  corroaive  action  on  the  mucous  membranie  of  ihe 
month  and  nose,  and  ia  therafora  very  harmfnl  and  pnigonous.  This 
yjis  tannoL,  like  oxygtn  or  hydroyeii,  bo  colleoted  over  water,  Hiticc  it 
ia  fiiirly  hoIhWc  in  that  liquid.  In  other  cases  mercury  is  used  fiT  siici 
gH.s*i-,  but  it  cannot  bt-  Bni[»li>yed  here,  since  it  irnmeilialciy  LTombines 
with  ohl^jrinc.  In  wrder  to  tollect  tha  gas,  use  la  made  of  its  greal 
deiisitji ;  if  the  gas  is  conducted  to  the  bottom  of  a  dry  bottle,  it 
remains  at  the  bottom  and  gradually  displaces  the  air.  By  holding  a 
piece  of  white  imjrer  behind  the  l>nttle,  it  is  easy  to  obser^'c  the  pro. 
greBs  of  the  filling;,  the  greeti  gaa  fof-niing  a.  disUngt  coiitr-tst  to  th* 
colourloHs  air.  When  the  bottle  is  tilled,  it  is  closed  by  n  grnnnd-in 
Htijpper,  rendered  tight  with  vaseline,  nnd  tho  filling  of  a  fresh  hotllis 
is  proceeded  with. 

Since  some  cbbH'ine  Jilwaya  escapes  into  the  air  during  this  pro- 
ce68,  the  preparation  muat  be  carried  ont  in  a  good-drawirn;  fume 
f'  Tjr  else  in  the  open  air.     Alao,  while  tho  bottl?  is  being  filled. 
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t  miij*  be  L'liisoil  by  a  doitbly  bored  cctvk  ihioiigh  whiL'Ti  a  supply  and 
(iischiii'ge  lul>e  puss,  liy  mc-aiig  of  a  Wiish-^iottle  with  niuatio  Bf>da, 
is  thflii  poasiblu  tu  reridef  ihe  esotjiing  gas  iiiiioeiioua. 
As  is  soon  from  this  Iwhavioiir,  th<*  densiiy  of  chlorino  ;:^in  is  coii- 
iderably  greater  tbaii  tb  iL  of  jur  ;  ila  ninlai-  wei^-ht  bas  been  fouiid 
ly  iiie:u;i]L-emeiit  U>  l>e  71.  (^bloririo  is.  tlioreforL',  iilnmt  2'3  timts  ne 
leuvy  aa  oxygen  (M.W.  =  3'Ji),  and  '2'ri  times  as  lieiivy  wa  mir. 

Chlorine  is  dist,ingiiisliiad  from  tlm  giisea  hitherto  I'onsidered  by 
ilic  fact  thai  tt  oWya  iho  giis  liiwa  with  miicb  Icsa  gx»(.-L[ii-sb.  Like  idl 
^sea  of  fomfwmti vely  great  density,  it  exhihiu  ineaauraUo  deviations 
iven  under  oHinury  coridittoiia;  for  with  iturT'CiiHe  of  pressure  or  fall 
if  temperature  ila  density  iiii-rejiseB  in'irf  ihati  it  onghl  to,  according  to 
tlie  gas  laivs. 

Connected  with  iIiib  is  the  fact  that  chlorine  can  be  fairly  easily 
tOndcnsod  to  a  tu/iiitl.  At  0'  a  jirfsaiire  of  -1*7  atmosphcrcB  id 
oitficieiit  for  this;  at  room  temjicnitnre  (18)  the  pressure  amuunta  to 
6*5  aliuvBpherea,  and  the  critkal  tcnipBraturir  ia  reached  Oldyac  l-tfi". 

Ke  this  temiifiaturi?  chlorine  cannot  be  tiinvcrted  into  a  liqiiid  by 
tregsiire.  U'he  highest  pn-saiiro  just  undeniCiitli  this  teiupcmmre 
lich  chlorine  can  still  l)c  liijuefied,  Lr.  the  critiml  prexsure,  aniounta 
to  ^4  atni. 

These  properties,  then,  make  it  possible  to  coridesise  chlorine  into 
Bed  bottles  wliich  have  been  tested  for  a  considcrftbly  higher  pressure 
Laa  the  criiictd  pccBSure,  antl  in  which  the  chlorine  can  be  stored  and 
ImiisportiMJ.  Allh'JUf'h  chlorine  und^r  ordinary  conditions,  especially 
whet)  inoiat,  eagerly  combines  with  utmost  all  metals,  carofully  dried 
ehbirin*  shows  itself  so  itiactivQ  that  ihoi'c  xa  nolhinjf  tn  pi'evettt  its 
manipulation  in  metallic  veMels.  }Jy  tueans  of  im  u<ijn9tid>le  cock  the 
^a  can  bo  withdrawn  from  such  a  holder  (Fry.  37,  p.  105),  as  desired, 
bid  one  la  thereby  spared  the  very  trouldesnmo  prepanntion  of  the  gae 
when  much  of  it  is  recpiired. 

The  i>ecuHar  actiim  which  ivate-r  here  exhibita  is  not  hmitwd  to 
iblorine  ;  there  are  very  many  reuictions  which  take  place  oniy  in  the 
ireseticc  of  water  with  such  velocity  that  the  result  can  be  observed 
D  a  taeasuriible  time.  All  these  must  be  numbered  alony  with  the 
luialylK  pheifrtifnn  (p.  107). 

IJquitl  chlorine  bas  tlie  green-yellow  colour  of  the  gas  in  a  much 
dgber  degree,     h  i^  an  Q»ily  liquid,  of  density  V56, 

At  lower  temperatures  chlorinu  passes  into  a  solid,  crystalline  sul»- 
Baree  which  exhibits  tht^  samo  green-yellow  colour  as  is  shown  by 
ihlorine  in  its  other  state.*. 

164.  Solubility  in  Water. — Chlorine  disaolves  in  water  in  fairly 
irge  amount ;  under  ordinary  circunistttnces  one  litre  of  water  iibsorbe 
pbout  three  litres  of  chlorine.  The  solution,  whieh  has  the  smell  and 
Bfite,  as  well  as  the  cinTOBivc  and  bleaching  properties,  of  chlorine  gaa, 
I  called  chloritu^  mitgr,  and  is  used  for  chemical  add  medical  puqrosaa. 
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omvi  «tn  frn&biii^  *mt  tUv  toittents  of  the  bottle  with  wnter  ;  these 
liliil  exActljr  the  smiu*  proiwitius  ns  were  shown  by  the  product  of 
«oinl)Uat)CNi  of  liydrugi^ri  in  ctiloriliv. 

The  burning  of  a  nvx  niwllr-  in  ehh)riiio  Japcnds  on  tilt;  fiame 
tioDft.  \Viu(  n\a*)  cwisista  chieHy  of  hydrogen  und  carlioii  (itlong 
dl  acKne  oxygen).  If  ;i  biiriiing  wax  ejmdle  lio  intrndiieed  into  a 
llle  of  cUoriiie,  it  continiiuii  lo  bum;  &t  thi;  siinie  time,  however, 
ftoDa  become§  ilii'^kj  re*l  in  colour  ami  emits  lajgo  iinamtitiea  of 
:  or  <arboii.  sintc  the  chlorine  cannot,  uiidur  these  conditioiia, 
ibme  with  the  c»rboii.  In  this  cise,  also,  the  formation  of 
drog^B  rhtiiHd^  cut]  hi  easily  dem'^nstiivted. 
Same  of  the  important  techntnJ  jippU<;;iliona  of  chlorine  dejjend 
it»  power  of  wnthdraiving  hydrogi^n  fi'om  suhsliitices  cdiitttitiing 
wd  therefore   destroying   them,    i.e.    converting   them   into   otliyr 


On  tJie  one  hnnii.  chlorine  is  used  foi-  hhiuhinij.  Tbti  vtigclahle 
nfnim  which  textile  fabrics  and  paper  wr*  miido  are  genei-ally  not 
hniic«Bt  u  it  is  desimhle  they  should  he  for  use  or  for  beinjr  further 
ad.  hat  contain  natural  dyes  %v]iich  must  be  romuvod  froiTi  Lhi^ni. 
W  tlu6  pitrpo6e  thpy  are  treiitcd  ivich  chlorine,  which  rcmovta 
from  thy  dyes  and  converts  thfin  inti)  othtT,  iioii-eolomed 
la. 
Along  with  tbi»  dobydrocrenising  action,  n^iiiiilinn  takes  plncQ  by 
III  th«  chlorine.  This  depends  on  the  co-opcrdtioii  uf  wiitt-r, 
kWi,  *£  we  have  already  seen,  is  decomposed  hy  chlorine  with 
atiem  •■}'  ojtifirn.  If  this  ptftress  twites  [jlnee  in  the  presence  of 
■ihstancex  which  ean  form  oxygeiL  compounds,  these  are  iormed 
ttifwcift]  rcatlincbs,  i.r,  the  GulititEiijecs  arc  oxidised. 
te  ihi*  other  hand,  ehlorino  is  nB<!tl  for  lUninf'fiii'i!  and  4fTilmnif. 
t  »tUoa  also  depends  on  the  withdrawfil  of  hydrogen  from  or  the 
lifatiDit  ^xpcriem-Qil  hy  malodornus  and  other  hiiriufid  siih&tunecB 
.  die  a^i-riry  of  chlorine.  EsjieciiiUy  is  chlorine  «  violr^nt 
(or  the  small  living  orgiinisms  by  whose  activity  rotting, 
■ttiictiuii,  «nd  siitih  like,  are  caused,  and  which  play  a  jinrt  in  Che 
of  CHttAin  dieejiseg.  The  application  of  chlorine  tor  such 
ia,  uofortiutately,  very  greatly  limited  hy  the  fact  tbnt  it 
im  k  rery  harmful  substance  foi*  the  higher  organisms,  ami  on 
kfcl  more  prijluii!j;ed  action  ean  give  rise  lo  serious  syniptoms, 
1':  Composition  of  Hydrogen  Cliloride. — The  comi.inaiioji  of 
■•ilh  hydrogen  is,  likewiw,  ^nl-ject  tO  the  law  of  Uay-Lussuc 
iio  volume  ratios  in  th«  intcniclion  bctneon  gaaes  (p.  1-12).. 
^■iriue  and  hydrogen  combine  in  fifiwl  volnines,  and  the 
'(  «ciii  gM  fonuecl  occupies  the  same  volume  as  waa 
lied  hy  the  niixed  gases.  Whereas,  ihercfori',  there 
Muatidu  of  water  vapour,  a  diminution  from  three 
two,  wc  have  in  the   pre8t*nt  case  a  cojaltiiuitwn   wiUwul 
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^H   therefore  otitB-iried  i\s,  the  half  of  t.tiG  sum  of   the   molar  u'eiifli 
^H  -chlorine  luitl  hydrogen.     This  calculation  in,  in  riiiiiibie]'&, 

H  Clj+Hj=3HCl 

^1  70-90  ^  IJ-Oa  =  2  "  36-46. 


i 


One  can  convince  oneaulf  of   tbeat;  rulalioriB,   both  by  the  d 
position  of  bydrogeii  chloride,  that  is,  liy  avnhish,  and  \>y  ciie  formal 
of  hyilrageii  fhloride  from  its  plcmetits,  that  ta,  by  s^mihr.^f. 

When  i\n  electric  tnrrent  is  cmiducted   throuf^h  hydrwhlitric 
by  means  of  two  platinum  plutes,  chlorine  ii|>pet>[~3  itt  the  nnc  jili 
and  hyiirogoii  al  thit  other.     The  energy  which  was  set  free  on 
furmHtkm  of  the  hydrogen  chloride  fcutn  chlorine  and  hydrogen, 
■on  the  solution  of  th«  hydrochloric  acid  gas  in  water,  is  itgain  gti 
liiick  by  the  electric  current,  which  therefore  makes  it  |>rjiiisible  for 
iwn  (jlemeiits  to  sepiirato  in  the  free  state.     The  rh't-ails  of  \\\'u  proo 
w-iil  later  form  flio  subject  of  ^sbiHiHtive  ciwiKidemtion  ;  at  this  poi 
we  rest  sjitiafied  with  the  result  that  the  hydrochloric  acid  i&  decc 
fioaed    by  the    electric  (<urTeTir,i,  and    that   its   eletiietts   arc    evol 
separal-i'ly. 

This  experiment  i*  performed  in  the  apparatus  shawu  in  Fig, 
\y\i  p.  I+l.  On  starting  the  jirocess  by  passing  the  electric  ciirM 
Jtfler  the  apparatus  has  been  lillerl  with  stronj;  hydrochlnric  acid, 
IB  at  first  aeen  to  he  evolved  only  at  one  electrode  ;  this  fjn» 
hydrogen.  At  the  other  electrwJe  there  is  only  u  yellow-gn 
i;oloration  produced,  beciiuae  the  chlorine  evolved  dlBsolves  in 
hydroehlorie  acid.  Gradually  ttii!?  becoirittH  sfitiirated  with  chloril 
and  gas  is  cvolvi^il  regularly  at  both  plates,  or  "electrodt^s." 

■  After  the  tiryt  pnrtioiis  of  gas  have  been  allowed  to  «8Cfip«, 
■opening  the  taps,  it  is  ctiay  to  sa-tisfy  oneself  that  tfie  twu  limbs  of  I 
appnrHtus  become  aimultanoously  filled  with  equal  volumes  of  gw,  | 
that,  -AS  a  matter  of  fact,  therefore,  eijual  volumes  of  the  two  gnscet 
prndueed  in  the  decomposition  of  hydrochloric  acid. 

That  one  of  the  gasuB  is  hydrogen   is  shdivii   by   tlie  fact  tbitt 
bnniH  with  a  bliio  Hamu  in  the  iur.     The  other  gas  uan  be   mcagKi 
AB  chlorine,  ('•ven  by  its  colour;   the  smell  and  the  bleaching  action 
a  piece  of  litmuK  p^iper  confirin  this. 

173.  Formation  of  Hydrogen  Chloride  from  its  ElementB. 

If,  on   the  nihci  liuiLd,  a  rniKtiire  of  uquiil   volumes  of  chlorine 
hydrogen  is   |trepiired.  it  i-an  bo  ignited   by  an  electric-  spark  in 
Kime    way    as    ilt^tonnting    ^^,    :uid    is    completely    converreJ, 
(ixjilosioii,   into  liydroi;hloric  acid.     In   tlii-s  atae,   however,   there 
some  rennarkalilc  phenomena  to  ha  obsei  vaii. 

It  is  not  -tnly  by   rise  of  temperature   that  a   mixture   of 
volnnips  of  chlorine  and  hydrogen,  which,  on  account  of  the  siniilai 
mflnlioned,    ts    c.-illeil    fhUnme    •Mmal'my    fjnf,    paaaca    inti*    hydrO] 
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III    fact,  rUofiM  aad  brdmSEa  «mMm  is  «i|Mf  TiJna,  ^  iha 

hydroebkne    add  ffm    Ifid    ,    ,i|iri     the   ana 

previowlT  ooeapiad  by  the  anad  ^Ma.     Wkna^ 

ini^    in   tfc«   tmrnMiiua   at  nwr  r«poar,  a   i6imwmm»   bum  akr 

wdninaa  b»  two,  wv  faan  is  thr  ^naea* 
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acid  IK  <lecampi)sed  by  Lhe  eleutriu  eiinenl  ill  ilie  vessel  A  ^T'ig-  1 
which    ifi    furnished    with    two    electrwJea  of    carbon   (thin    src-ls 
carbona),  or  of  plalitium.     Under  these  conditions  the  gases  pi-oiloj 
immediately  mix  luid,  after  the  evolutioii  has  hoeii  going  on  for  a  A 
or  a  whole  hour,  in   ihe  right  proportions.     In   the  Jjuilts   which  | 
blowc!  on  thi)  delivery  tube,  there  are  a.  few  drops  of  water,  to  freej 
gases  from  the  iiydrochloric  ai:id  which   they  carry  over.     Atwhm 
tlie  delivery  tub*  is  a  ecrica  of  glass  "biilhs  "bloivti  o«l  of  ihiii  gljus 
connected  l»y  thiii-wallerl   capillaries ;    they   may   he    4    to   0   cm. 
diameter.     These  are  filled  with  the  cxpli>aive  mixtuye  by  displl 
ment.     Since  this  is  heavier  than  air,  the  row  of  bulbs  is  plar^d  IQ 
iLpright  position  and  tho  ga-i  pnseed  in  at  tho  foDt.     M\  this  must 
done  in  a  wunk  light,  witli  exclusion  of  daylight;  for  this  piirpou 


d 


i 


Fin.  (Tti. 


light  is  moat  conveniently  supplied  by  ji  lump  with  yellow  cylir 
such  OS  ia  used  for  photographic  purpoacfi,     After  tlie  gu  has 
paasing  for  at  least  half  an  himr,  pruca-utions  being  taken  to  carry  off  ( 
ejcftosa,  the  two  endfi  of  the  row  wf  bulbs  ai'o  closeJ,  for  the  lime  l^ingl 
with  wax ;  one  then  proceeds  to  melt  off  the  buUts  from  one  imother, 

Although  the  chlorine  detonating  gas  «ni  he  caused  to  ox[>lode  \ij 
heat,  ihD  capillaries  can,  without  danger,  be  softened  in  a  eraall  gW 
flame  and  closed  l>y  drawing  out.  The  gas  whiLh  is  directly  he*"*! 
burna,  certainly,  to  hydrochloric  scid,  but  the  Lombiistion  doos  not 
pass  into  the  bulbs,  bocaiise  the.  hc-ftt  whitli  is  dc-volojiod  is  taken  W 
by  thi3  glass  walla  of  the  tiilie.  H 

With  tlie  bulbs  of  chlorine  detonating  gas  prepai-ed  in  this  mH 
the  experiments  descfiljed  can  also  be  carried  out:  the  explosion  *> 
these  ia  unnttended  witli  risk,  stnee  the  light  glass  eptijitsTs  can  seiirculj 
du  any  daniajjc.  Instead  of  smdight,  burning  magnesiuni  can  bo  u***' 
to  bi'iiig  about  the  exploaion  :  either  mHgnesiani  powder  is  phiCi>d  il 
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tiilie  I  cm.  wide  aii'I  blown  into  a  flame,  or  a  lamp  ia  employed  such 
used  in  t.iking  (iiish-Iight  jihoitograplis.      In  Ijffth  citses  the  Imlbs 
with  thip  <'X]i!osivi'  riiivture  nni^l  be  plaiisf]  VDfy  close  to  the  flame. 

IT-^i.  Photochemical  Actioaia. — It  follows  from  the  cxpenments 
ilesfi-iSed,  that  the  action  of  light  on  the  cHorine  detonating  giis, 
similai'ly  to  that  on  chlorino  ^^ater  (p.  172),  consists  in  increasing  the 
velocity  of  combitiation  oi  the  two  components.  It  has  been  repeatedly 
explifneti  that  there  is  reason  Ui  8.Uppoee  that  in  evtry  syfltcm  in  which 
u  chemical  process  can  take  ptare,  that  proceaa  really  does  tjilce  place, 
although  often  only  with  an  immeasurably  snail  velocity.  In  the  cmo 
of  the  chlorine  delonating  gas,  also,  ivc  may  make  such  an  aastimption, 
and  the  action  of  liyhi  consists  in  inciMftsing  this  i-mmeasurnhly  small 
velocity  to  a  measiinible  one. 

In  fact,  il  has  been  shown  by  appropriate  investigations,  that  the 
velocity  of  tniriafoi-mntiori  of  the  chlorine  detonatirag  gaa  into  hydro- 
chloric aei'l  is  proji^ortional  Co  the  str<!iij;lh  of  the  tight  acting. 

*  The  manner  of  this  action  in  still  somewhat  obscure.  We  must 
by  no  means  assume  that  the  energy  of  the  light  ia  expended  in  bring- 
ing about  the  reaction.  No  energ-y  ia  conaumed  in  the  combination  of 
the  giisBs;  on  the  contrary,  a  fairly  large  umount  of  energy  is  set  free, 
as  foliowB  from  the  phenoratina  of  esplijsion,  and  the  apfHitaneoua 
transmission  of  the  combustion  through  n  tube  at  the  and  of  which 
it  is  initiatcri.  From  the  observation  that  coniplotdy  dry  chlorine 
HeUinating  gas  is  scarcely  sensitive  to  light,  combiued  with  some  other 
factsr  it  becomes  proliahle  that  wc  are  dealing  here  with  a  rather 
complicated  process  which  tatefi  place  with  the  co-oporation  of  the 
elements  of  wator, 

1  T6.  Hydrochloric  Acid. — llijilnichhirk  uchl  i%  met  with  in  com- 
tnerce  ag  a  Ijfpiid  like  water,  which,  in  the  pure  state,  is  colourless; 
the  crude  hydrwhloric  acid,  however,  is  generally  coloured  yellow 
through  contaminati'tn  with  iron.  This  is  not  the  pure  compound 
hyilmgeii  thloride,  l^ut  a  solution  of  it  in  water.  Pure  hydrogen 
chloride  is  a  gas,  and  ag  such  '\s  difficult  to  employ  and  to  traimport. 
A  aoliilion  of  it  in  w!»tor,  containing  rather  more  than  a  third  of  ita 
weight  of  faydrogen  chloride,  is  therefore  used.  Sulutiona  containing 
this  amoiint  or  more  of  hydrogen  chloride  fume-  in  the  air,  gas  being 
given  ofl';  solutions  containing  lens  than  20  per  cent  of  hydrogen 
chluride  no  longer  fume  at  the  room  temperature, 

In  order  to  obtain  jture  hydrogen  ehJoriile  gaa  from  its  solution, 
commercial  hydrochloric  acid,  it  is  necessary  to  withdraw  the  wster 
from  the  latter.  We  have  already  Itarned  that  concentrated  siilf</iiuii: 
ixrid  can  be  used  for  such  purposes.  Accordingly,  our  Jipparatus  con- 
sists of  a  Ijottle  through  the  cork  uf  which  pass  a  dropping-funnel  ami 
delivery  tube.  The  tnlw  of  the  di^opping-l'nnnel,  whitli  is  filled  wi| 
fuming  hydrochlorie  acid,  is  di-awn  out  to  a  narrow  point  and  reacl)| 
to  the  bottom  of  the  fiaalk.      If  the  t«p  be  opened  and  the  hydrochlot 


IS2 


PRINCIPLES  OF  INORGANIC  CHEMLSTUV 


acid  iillowed  to  piss  rIowIj  iiita  the  siilj>hiiriL-  acid,  the  «-iiLBr 
lip  liy  the  Irtttt'i'  and  the  hyfirogen  cWimde  uscapes  as  a  gas. 

Tlu!  ii[ip«r  ji;irt  uf  the  jfpnenitiiig  flask  does  not  hecome  coloi 
hydrogen  chloride  is,  therefore,  cobiirlicss-  It-  cannot  he  coUcciod 
M-aLer,  inor  can  tt  be  collecteit  vre\[  hy  displacement,  since  it  Ui 
slightly  heavief  tliitn  ^ir.  It  can,  hoM'ever,  li*  collectfld  over  men 
since  this  is  nut  :itta-cked  Ijy  hydi'ogcri  thioridc  when  Iiotii  niilisU 
iiro  pure. 

•  The  I18C  of  meo-ciity  (or  collecting  such  yiisus  as  are  reanlilj 
sulvyd  bv  wfitet'  is  <lue  to  Priuslley  (I7SU),  and  wjis,  at  the  tim 
irapoitant  inveniioii,  since  it  led  directly  bij  the  knowJeilgi!  of  qu 
nnmher  of  gosos  which  are  diesolvod  liy  water,  and  of  which,  tlicrB 
one  conld  previimsly  know  nothing.  Tho  mercury  trough  whi< 
neetl  in  snch  operations  is  generally  in;ide  of  porerfjLin,  and  «f  biI 
form  that  t3ie  iinriiitity  of  this  rather  expensive  metal  rerjiiired  H 
it  is  as  small  as  possilile. 

177.  Properties  of  Hydrogen  Chloride.^ Hydrogun  clilurii 

u  coluiirliiiss  g;is,  th<i  density  of  which  amoMTil-s  to  SB'-'),  t'orrespou 
to  the  f-orranin   HCI.      It  is,  therefore,  a  little  heavier  than  air. 
prcHBure  mnl  cold,  it  ran   lii.>  C'linverted   iJitu  a  li(]uid;  at    -  11] 
solidifies.     The  liijiiid  Ijoila  (irider  atniosiiliciriu  preflsuro  at   -  **0' 
pressure  at  0    amounts  to  2"8  atra. 

Jiiquid  hydrogeii  chionde  is  »  eolouvleea,  Snlher  indifferent  ll^ 
exhibiting  little  of  the  chemical  roactivity  which  eaa  be  oWrvt 
the  cRflc  of  its  aqiieoue  solution.  The  liigiiid  neither  acts  on  iiit 
nor  reddens  licniua,  nor,  when  wat«r  is  carofiilly  esciuded,  do( 
show  any  of  tho  other  propertied  of  acids.  This  reniarlkable  con! 
to  the  liohaviour  of  the  aijiiooiis  aolntinn  has  gn-nt  jtigniticanctt 
will  be  explained  later  (p.  1H4). 

Of  the.  other  properties  of  hydrogen  ehlorido  the  most  strikil) 
its    great   solubility   in    vrater.       At  | 
ii'inperatiire.   orif  volnmo  of  water  all* 
+.':iCl   volumes  of  Iho  gas.      By  the  dM 
lion,  a  largo  ijnantily  of  hi3at  is  develq 
which    points    to   a    rojiction    between 
wal«r    ttJid     the     hydrogen     ehlorido 
Thiii    roaction    13  of    n   special    kind, 
will    be   diacusscd    more   fully   at  a 
point. 

Tbe  great  sohibi  li  ty  of  hydr 
rhloridti  in  w.-iter  can  be  shown  by  bl«t 
a  little  wat-i^r  up  through  the  merenr, 
the  gas  collected  in  n  Lylimier,  by  ra 
of  a  pi|>ette  bent  nt  the  tower  end  (Fig. 
*'"'■  1^-  The   mei'cnry  immediately  ascends   an 

the  gas  id  pure,  again  fills  the  cylinder.     There  j^enorally  remaina, 
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Stibble  of  air  itnnlisorbetl,  siiictf  it  is  very  difliciiH  Lo  itjmuvu 
ttAce);  of  foreign  ^a>=oA, 

wai«r  wliicti  Kits  ariilwi  has  In-en  cunverted.  by  ihc  fiLsorptinrv 
bTdro^ri  cWorid".',  into  lii/'fnrjijmc  odd.  If  n  picco  of  nietnilic 
siiun  b«  iiiiroducei]  iimler  llio  mercury  nitd  allowed  Co  puaa  ii[) 
the  hyclroohlofio  acid,  il  deconjposijs  this,  coiuliiiiiiig  with  the 
irnoe  anJ  liWracing  the  hydrogen.  When  the  evobitiim  of  gas  hue 
i,  it  ia  .'asy  to  conviiK-f  oneself  that  the  )^jls  is  hydrogen  iind  thiit 
loluniF  in  b:tlf  thill  ijct-ripieil  liv  ihi.'  hyilroj;*-!!  chiuriili'  gns.' 

ITS.  Absorption  of  Hydrogen  Chloride  l)y  Water.— in  pass- 

'  ne  hydrrvuii  rijIdHdi'  in  coiiiftiriitivuily  hij-gt:  i|UitiiLity  into  iviiLcsr  for 
I  ifc*  inrpo?«  nf  projuiring 
bydniuhlurie  iicid, 
[itvr^tiiti'ind  mit^l  i>e 
on  iU'Liiiiiit  f)f  the 
of  the  AlkMirptinii. 
T^  Bl^nnitiis  uaod  for  tLje 
psjaae  i>  flhvvii  in  Ki^ 
•T.  Tic  byiiro^en  chlorifJe 
genenled  in  ,f ,-  It 
•npty  wa«h-iiottl«, 
I'  a  waah-luttilu  hall 
vitli  waUr.  The  two 
^i^biiLUeit  are  connected 

'■ -"I'd  to  oHC  uimther, 

II  Ji  the  ^;us  ent<er!4 

the     ehort     mid 

:tin>ii^)i    thf    \nHg 

MM,  i\  tu   tli«   reverse  miiuiier.  rect'ivee   Lliu  gaa   through   tbu  Loji^ 

hW.     HTjun  tlie  gas  is  evolved,  it  tirat  fills  llie  empty  botlle  />',  iiiid 

rt«  \maat»  over  into  '.',  where  it  is  iibeorlifd   by  the  wnter  ;    the 

" 1  nir  csc^ijwa  llirmigh  the  short  tiihe.     If,  now,  for  any  reason, 

Kion  of  g(iK  should  cmw,  the  water  wmild.  if  (he  bottle  /' 
1  ihure,  \xisis  bdcJt  intoi  the  generating  Hask  J.  on  aeconnt 
i.lcioqiiion  of  tlit  yaa ;  by  the  iclion  of  thi^  wjtter 
m  uie  mnrentraied  sulphuric  acid,  an  explosion  might  resnii, 
"4  m  uty  cftsc,  the  experiment  would  Ite  spoiled.  The  liottle 
i  ffwiis  ujijiurwt  thi»  contingency.  If  regurgitntion  should  occur. 
I^4t^«M)00t  get  fnrih^r  thim  J!,  and  if  the  jiressiirc  in  .-/  ia  further 

T<  a*:m  tW  •ui'tfJM  of  tlii^  eiiATJiunil.  l]ie  iipjiniHlH'  niii"t  [irfviiii^iy  It  ciirtdllly 
•fct  ^  -^LTaiT,  llio  inliim"!  "f  till;  liyilro§rcii  dih'tiJe,,  on  ntcuulil  "f  it~  jci'ti't,  ■'■ilii- 
Hj  ti  kit«r.  ■■r)>!E]Lt>  tiiti  siii&^l,  AN's  -inv  lou^l  tioi  oiuit  U-  UriTi^  Ibti  ^^  undi'i'  tlie 
■Mt^mnaaBt  lln"''iBiiii««i''wii»T)ti*ltlie  ei]>..rimenl.  Tlii»iBiii"St  -iiiiiilynfCiiinphHh&S 
JmM|  tb»  ryliiiilri  iiiild  m«ri-!Ury.  jiJuoitii;  tt  in  a  lun^*'  vf^'~i'I  cI  iviitiT.  aiii!  aiiiking^ 
*■■  On  W«cl  or  tlik  miitct  outoltlt  mid  ia>.L(lc  is  the  •ati\e.  11  i-  lieTc  plolipposcd 
I  It  M^Mrloi;  Uic  lij'ilru)-!!])  ctilnrlili'  nyvt  xiitii'nr}.  lh»l  i^o"  bIbu  wah  iiriiilcr  aLiiio- 
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retiiicwl,   air  passes  from   (.'  throiigii   ihfl   liqiiitl   in    b.       When 
presBui'e  iii  A  again  rises,  the  liquid  is  iii'Bt  forced  over  from  li  i| 
C  ajj;aii],  am!  the  aUsorptioii  gues  on  regularly. 

Biiaitles  tlic:  one  described,  there  are  niitny  oth«r  safety 
TnentB  to  preveiil  the  lir|iiiil  p.'^.'ising  Wck  into  the  gejierator.      One 
the  siinpJesl  of  ihtse  consists  iii  lusertint;  iin  open  fiinnel  tube  it 
cork  tif  the  generator  it«elf  (Fig.  67).     It  will  be  easy  for  the  r« 
himself    to   work  out  the  action   of   this   in    tho  Case   &f   diminia 
pressure. 

When  eomewhiit  larger  qua-ntilieg  of  hydrogen  chloride  nra 
solved  in  water,  the  temperature  of  the  solution  rises  to  an  iiiidcfir 
height,  owing  irr  the  boat  developed  in  the  process.     The  solution 
therefore  cooled  by  placing  the  bottle  in  cold  wuter  or  surrount 
with  iuo- 

In   iho  comraerrinl  preparation  of  Iiydroehtoric  ncid,  the  hydr 
chloride  la,  of  ctmrsp,  not  prepared  by  tha  method   emj^loyed 
It  is  obtained  by  tho  action  of  sulphuric  ncid  on  common  salt,  ace 
lug  to  ft  ebcniieal  reiictinn,  the  theory  of  which  cannot  bo  developed 
later  (Chap.  Xll.). 

17'j.  Hydrogen  Chloride  and  Water. — Most  gases  diasolvs^ 
water  to  a  much  less  e.\tent  than   hydrogen  chloride,  and  the  ah 
lion  follows  ;t  hiw  discovered  by  Henry,  whi(.-h  states  that  the  amoB 
iliflBolved  is  |irupo[tional  to  the  fireseuru.     In  the  case  of  liydrochlu 
jicid,  this  law  is  not  evon  approsimatoly  I'nllillcd  ;  on  Che  coiilrBrv, ' 
greater  portion  of  the  gas  is  absorbed  independently  of  the  presaa 
and  an  incrense  of  preseurc  effects  only  a  small  increase  in  the  niao 
diseolved. 

This  bohavinur  {K>ints  to  the  fact  that  in  the  caae  of  the  al 
tion   of  hydrogen  chloride  n  spocinl  chemiciil  process  also  takes 
This  prrx'Sfis  consists  j/i  fhe  elfiufniSKf  hit'lriirfPinliiurulr ixn-xiw},  iji 
soiut it'll,  iiituuii-othtr  (I'll'} dill i(.    It  is  very  remarkable  that  mf/ii/drmjsl 
hydrogen  chluride  does  not  exhibit  the  properties  of  an  acid  (p.  li 
altliougli  it  coatairB  the  elemeutB  of  one.     This  i.s  due  to  the  fact 
the  L'haiacterislic  properties  of  :icidB  are  not  exhihit*'d  by  the  < 
poneiits  of  hydrogen  chloride  until  this  ia  converted,  through  EoLuli 
ia  watiT,  into  tho  other  condition. 

When,  tberc'fiwe,  hydrogen  t-hloi'ide  i^  dieBoIvcd  in  water,  two 
ceases  occur.     One  portion  of   the  acid,  which  is  all  the  greater 
more   dilute  the   solution,   l.>a3sc^    into    tin-    new   condition;    iiiiot 
portion  dissolves,  iitichanged  as  hydrogen  chloride-     The  first  p<jrn 
does  not  follow  Henry's  law  of  the  al-sorption  of  gases,  but  only 
second.     For  this  rejison,  the  amomit  absurhcd  increases  more  slol 
than  the  prOHSure. 

There   is  a   further  remarkable  phenomenon   connected  with 
Hydrogen  chloride,  in  lh»  pnre  state,  boils  at    -  iifJ^  under  jvtTiiospli^ 
pressure;  water  boils  at  -i-  100".     One  would  suppose,  therefore, 
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g  fmnu  of  n<|UPOiiis  sohiliotis  of  hydrodilonc  ncid  wouU  lio 
two  tenipeiiitures.     This,  however,  is  the  cnse  only  for 
BtrKt«)1  solutions;  more  fhUit*  sciliitions,  on  ihft  rtther  hand, 
toBiperaturo  than  water,  so  that  by  the  iiddilion  of 
le  Biibstanee  to  water,  the  volatility  is  not  incroftsed  but, 

betueea  composition  and  "boiling  point  is  repreBented 

g.  S8),  it]  which  the  percentage  content  of  hydrogen 

on 

[M)int£  under 

prvasurc  un 

As    can 

the     cur\G 

Daximum   at 

■pottUiii);   to 

iitii,  untt  fill 

Aar««       boil 

ihe     20;/ 

t  cuiises  the 
eh«vi*>nr  or 
We  pre- 
oa  dietilla- 
iipiisition  uf 
■M  evi^leiitly 
in  sitch  :i 
boiling; 
*  more 
le  low*r 
tion,  must 
!^t,  nnd  the 

t  therefore,  necessarily,  boil  higher  than  the  original 
f  HOW  thi'  slrtiiij^h  of  the  acid  solntion  is  holow  S'U'^, 
t.  rri'irr  ilihtfr  (icid  must  distil  over,  und  .1  stronger,  higher 
romitina  b<>bin(I.  Thi^  continiifia  until  th(>  residue  contniiia 
rogen  chloride.  An  iicid  of  this  strength  ciinnot  leave  11 
^  re«iilue,  for  it  Is  itself  the  highest  liniliiig  mixtura;  it 
ore,  liistil  over  unfhtinqrd,  (ind  thifi  haa  been  shown  by 
t<>  H<«  ihe  Paso. 

■ir,  if  o«e  stuns  with  fiii  ntid  stron^or  thiui  20^';;,  a  still 
1  must  (tietil  over,  for  thL-  wtiakei'  iiciil  baa  the  hiyfier  boil- 
itw)  therefore  remains  behind.  But.  this^  aepfxration,  also, 
irried  on  indefinitely,  for  when  the  strength  of  the  solution 
no  ttL'iil  of  higher  boiling  point  can  he  fornietl,  because 
luch,  HJid  the  liquid  must  distil  over  unchanged. 
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>   -i-ui  wtth  HI  ucid  ui  iiiiir  L'uiK.'entratton ; 
iiMina  at  the  Ust  nn   licid  of   20%,. 
JHH«  cUlnte  or  more  roncoiitnitrf)  ncid  will 
<!■  *<art«tl  wiib  nn  ik'hI  vitnXain'mi;  lesn  or 
likirNi*. 
.««  tiMMi  made  of  regafding  this  cotislKnt  boil) 
— I— I  eulBpuunil.      It  ii  not  une,  fur  the 
"i   '">iliag  (u;id   is  dependent  »□   the  pr 

11   18   L-arried  out       Utiiler  23   ntm..  the 
■'■'"""';  .itm..  S.')/;',  of  atid. 

'':-!>  <>i  wbal  has  li«on  Enid  nbove,  iK 

iuit  Tcn/  aciliition,  tho  boiling;  point  ol 

'   iiv%hI>oiiring  solutions  on  i-Jther  side 

■  (  composition,    hy  f[ml-i  similar  reaaoulni 

.J'  -■■':!   that  solutions,  also,  the  lioiliiig  point  ol 

-     .'t    tho   rieighbouring  sohitions  on  either  siiio, 

;ll,iiii)ii.     In  this  ctiae.  however,  the  solntion 

.    iipjwiiirs    not   ill   the   residue   but   in   tV 


which   h-.ive  Vieen  dcscrilwd  for  hydrochloric 

■  •i  ii  jihfiiioiiienon  which  appenrs  in  a  striking 

I  li^L'ii  chloride  ^(M,  :ind  whit^li  is  also  noticcaWe 

■  ''■■■<]   hydrochloric  ncid,  viz.,  the  j'tmunij  of  this 

I-   known   thill  hot  water  fimies  or  forms  .i  mwt 

.;-   »   n-ault  of   its   hif;her    tempeijiture,   it   ^rivia 

..'.■111'   iluii  cuii   remjiin   In   the  gjiseoua  sUito  at  lh« 

.   ;  .V   uir.     Water,  bowevor,  of  the  temperatun;  of  iho 

.    torui  n   nilBt,   for   it    c»imot    possihly    give   off  iiiore 

■■^f"  k<Mt  bv  i-'Oiitiiiiiod  in  the  vapour  form  in   the  nir,     C-on 

^^Oivi'hloi'ic    acid,    however.    fiimeK   even    without    twing 

'uHWft  ol   thia  is  that  the  evitporating  hydrogeu  ohloriiie 

.  .ivi-  vii^iciiic  in  tho  air,  with  ivhifh   it  forniB  ii  Iii|uiil  ihc 

\iv  i>l  which   is  much   smaller  than   tbul  of  the  L'oncen- 

"I'hiii  aotiaii)n  will,  therefore,  he    precipitated    in  lb* 

-E.      Dilute  acid  does  not  fume,  for  the  reason   iljat  it» 

'l  tiirni  n  loss  volatile  solution  with  thi>  Wiiter  Vapour  sft 

ihny  conmiri  more  ivjiter  than  the  ditlictiltiv  volatile  -'0  , 

...  ,tthcr  Imiid,  tho  concentrated   acid  fumes  on  I  v  in  mmi 

l.i.wuvtT  contvntnited.  lie  placed  in  a  hot.tle  the  interior 

\hitAl  with  aiUphiiric  ai'id,  no   tvnee  of  fiimos  or  mist  ii 

r ..'  [■(inside rations  we  may  condnde  that  evory  siilwtHiiw 

'.i  lulh  water  a  eoliition  (or  i:niti|miiiiii)  of  consiilci-iljlj 

IHtiiit,   must   fume   in   moi^^i  uir,   whereas  this  i'niiii«t 

khitiirii'L-a  which  do  not   have   that  property.      We  shiH 
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have  freijiient  opporttialty  of  upplying  and  conlinuing 

\^0.  Properties  of  Acids, — Hydrochloric  acid,  or  the  aqueous 
«in  i»f  hyilru^i-[i  cbluiitU':,  is  a  strong  ucid.     In  the  name  iicnl  there 
op  ■  whole  aeries  of  properties  iK^ssesaod   in  common  by 
CO  of  (litTt'reiit  composition.     Of  these  pro|>erties  the  longest 
is  th*  ivui  Uutr,   whicli,   us   we   know,   is   [.lOSSQased   hy  very 
mbctancM.     A  sccuinl  property  sliown  hy  all  si]ljatnnct;»  iivHth 
bate,    is    the   [xtwer  of    rtddeuhii/    the   cdoiiring- matter   litmus 
^IM).     A  chird  connnon  property  is  that,  of  eifitnitii  kydro^m  when 
.  into  contucl  with  certain  metalg,  such  as  zinc  or  luagnesiuni. 
Ust  M,  for  us,  the  moat  importaut  property  of  all.     One  can 
it   ie  A  property  of  nil  »ciil  fiitlisHiince^  hy  Wringing  acid 
\iA  mil  ldnd»,  such  as  vinc\[;ai',  acid   fnitt-jiiice.St  dilute  hydrci- 
|wi(!  »*r  eiiiphiirio  .icid,  a  sohition   of  citric  ncid,  etc.,  in  contnet 
Nutu  powder.     In  all  ciisee,  ti  more  or  leaa  vigorous  evolu- 
pfl  iakv»  place,  and  ou  testing  the  giis,  it  is  found  to  be 

inUtiducc  the  name  acid  for  the  suhstancGs  possessing  th'ese 

wn    cut    say   that    all   tiriilj<    tvinMiii    lifidiwiTi,   irhtc/t    Uici/ 

lit  tirtioK  iif  miDiiiesiiiiii.      The  ottjoction  might  he  raised, 

hjrtlrogeii  vomes  from  thu  water  in  which  iill  the  acids  w«re 

;  witJi  reganl  to  hydrochloric  acid.  howRver,  we  jdimdy  know 

ilootaius  liydi'ugoii,  iuid   tlie  sume  htie  been  proved  by  chemical 

with  r«gard  to  thi^  others.     On  the  other  hand.  wHter  does 

lisbly  act  on  magnesium  at  room  temperature, 

pn»|inrtiCH  we   have  just  described   are  not  possessed  by  all 

coniKrunds ;  tbay  are  wanting  in  thu  cuse  of  water,  and  also 

M  of  spirit  of  wine,  petroleum,  stearin,  etc.     It  h  easy  to 

MkCMll  that  tbe^e  subatances  contftin  hydiogen,  bj'  setting  them 

Sit  »ih)  holding  over  the  flame  a  clean,  dry  glass ;  it  is  ininiediiitely 

■■  .  ..f  water  drfips.     The  hydrogen  of  the  adds,  thero- 

i  .  ■      11    the  special   condition  mentioned  on  p.  184,  by 

mm  «j  wbich   it  ae<iuiree   properties   heloiigiiig  only  to  the  acids. 

Bipra&l  rrlntiouD  we  shull  imtuediately  explain. 

i^^■  Acids  and  Bases. — Tlie  properties  whi^-h  we  have  employed 

tk>  ideiititicaiiori  of  acids  disappear  when  crnu/iV  sndn  (p.  15J)  is 

Ul  Uf  ihtf  acid  lii]ui<is.    This  is  seen  most  clearly  in  tho  tise  of  the 

tuAui^f  with  litmna      Dilute  hydrochloric  acid   is  coloured  red 

•  Jtopof  litmus  solution,      If  a  solution  of  eanstic  eoda   is   now 

niblli-  jdik-«l   to  this,  the  colour  al  first  remnnis  nnclmnged,  then 

r  ^MUitfn,  which  disnppear  on  stirring,  are  seen  in  the  tin^uid- where 

cwKtic  MMia  drops,  and  finally,  the  whole  liquid  atiildeidy  Itec-omes 

t.      Br  working  can-fiilly,  it  is  easy  to  recognise    that   the  hlue 

Mr  M  prwltKcd  by  u  single  drop  of  the  uuistic  soda  ftolutinn.     . 

Jl  Ikt  MMM  timr,  all  IJtf  other  prvfurt'iex  iif  llu  uciils  lutlf  tl isii[timijred- 
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as«J  and  does  not  evolve  hydrogen  witli 
Smibr  •xperiiiientH  cnii   be  performed  vitb  all 

uaa.  muc  tkerofore  have  taken  place  by  the  itui 
AKiil  aat\  mu^tic  soda,  the  prixlnct  of  wliiib 
...^^.jmiiii^  :ii9  Uijiiid.     A  rosidue  is  obtained  which, 
-  .a  ba  amimtm  sail- 

iniaion  salt  consists  of  r/ilorinf  and   nxliui 

■  I  hjUrochloric  acid  yield  common  salt,  lh« 

•^  k'uubuutKt   in   thum  mii£t   have  1i«eu  convorled  inu) 

^.       'RkMw    wthuT   BubBtancea    are    hydrogen    frnni    ilw 

^t»i  oxyj^ii  i>hiis  hydrogen  or  hydruxyl   from  ilte 

ki    nutkee  vt[>,   however,   the  composilioii   of   wtUr, 

wA,  the  socoiid   product  formed  by  the  action  of 

•  k-ruistic  sodii. 

.!•  «wii  luom  clearly  whiiu  the  reaction  is  expresswi 

NaOIl  +  HCI  -  NnCl  +  H^O. 

—  '!  ■Tntw  can  litiuniso  be  proved  by  experiment.  If  dn* 
,A*  to  pjissed  over  soma  pieeea  of  wilstic  stxla,  wauT 
_:ivHt  evolution  of  heat,  and  tait  be  condensed: 
lion,  L'omraan  ault  remains  as  the  residue. 
p  1  uliiT  aiibstani-ea  whicJi,  like  caustic  aoda,  Deutraliso 
''K  giving  rise  to  new  Bubstancea  accompanied  by 
■1  lUT,  So  fur  as  they  iirc  soluble  in  water,  thfiv  can 
I.I  by  tho  fact  that  they  restore  the  blue  colour  to 
I'l'iTi  niiwlft  red  by  aciila,  and  withdraw  from  dir 
,^.iiy  of  evolvinj^  hydrogen  with  magticsiiitn  or  other 
.  diY  lliu  same  suhstttiices  as  wo  previniisiy  (p.  15.i) 
•  twng  eonipounds  of  metals  with  hydroxyl,  and  wliirb 

k'l^,  >Mjtt«  )ust'  i|foniidatioii)  is  due  to  the  tael  tbut  thes(^  siit^ 

.. .»!  llie  iH'ii-i'oldlif'-  constituent  of  salts,  wheteaa  moat  of 

^'  nn'it'  or  leas  easily  expelled  by  heating.     That  p<irtioii 

,■   dliibk'   to   licat   Wiis   formerly   regarded  us  the  more 

1  wax  willed  the  fonmlation  or  base. 

,\- iiMulng  Proportions  between  Acids  and  Bases.- 

■  ■  uu'li  iJiltes  pl.ice  hotwecii  bases  and  acids,  and  which  gives 

MiiHtioti  fti  a  salt  along  with  water,  presupposes  a  pw- 
I  (ilio  between  the  announta  of  each.     If  wc  add  a 
Miiu'li  of  the  hydfotteii  will  disnjipear  as  is  necessary  fa 

■  i.f  water  with  the  bydrnxyl,  viz,,  I'Ol  gin.  hydrngei]  m' 
liovyl.      So  long  as  hiflln^ifi-n  is  in  oxeeBS,  the  lL<]iijd  will 

inaction,  for  this  fs  not  interfered  with  by  the  prcsenM 
.iilwUiTiceB.      By  continued  addition  of  th«  base,  a  point 
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reAchvd  when  Jill  tlie  liyditi^eii  has  ilisappeared,  aiirl 
no  exce*A  of  tho  hiisc.  Sucli  n,  Ii(|nifl  will  tlu-rc-forc  exliiijit 
iOBB  neither  of  aci<U  nor  of  buses  ;  it  wilt,  for  example,  colour 
Dliivr  Mue  Dor  red,  but  will  leave  ite  jnu'ple  ooloiir  Liiichu.ngc<i. 
4tud  is  called  hralral.  This  property  is  possessed  by  water 
.eoluUoiis  of  most  of  \\\c  stilts.  For  oji^iniple,  cDiqmon  salt 
■olQCitriiR. 

hi'  ma.de  of  tliese  phprioinemi  for  many  piii-poaes.      If  it 

nf  furmin^'  salts  frum  iicids  iciid  luises,  litmus  is  iisud,  best 

kper,  to  (leterminc  if  the  components  havj?  hiii'H  employed 

»r  proportions ;  ao  long  jib   liliie   litnma   paper  is  coloured 

\w»  tittle  base ;  if  red  ie  colonred  hhit^,  tljcre  is  too  little 


pAper  can  also  h«  used  to  show  wbethor  »  salt  is  free 
nitiation  with  ncid  ui'  litise. 

iprocal  Estimation  of  Acids  and  Bases. — Tho 
ipiirtAnt  »p|iIinition  of  these  [ihenonieiia,  however,  is  tn  the 
tiiMt  uf  llifi  quantity  or  the  coneen trabion  of  neids  and  JKises. 
one  solution  nf  caustic  sodu  he  aEwKya  naed,  the  amount  of  it 
1  to  ncutruli.Mj  ditlttrent  solutions  uf  an  acid  will  he  fnfiji'iiiiimnl 

EUa  <i(  Ihr  iietti. 
[h(id  of  deteriiiimiti'Hi  liased  on  this  is  carried  out  ;» 
e  solution  of  taiietic 
eoDtJiin^d  in  a  tiihe  of 
|to(li«titetvr,  gmdvuited 
H^  etched  liut's  into 
Siinctriw  ami  fnictloua 
;■.  .'unl  closed  ac  the 
;iiil  by  u  tap.  For  = 
II  piece  of 
■ng  can  be  iisud, 
together  by 
l-cock  ;  fiirlbor, 
of  thu  ln'tter 
of  tbe  outflow,  ii 
tuhc,  rlniwn  out 
»  inserted  in  the 
This  ftppiit7itiis  is 

(Fig.  6y>. 

line   thi?   .'imount 
-in   JiriT  gi»'i'n    siimpio, 
diliitu      hydnKlloric 
Imp  of  litimis  solittioti 
hv  burette  is  filled 

mark  of  the  gi-iwliiation  with  ea.«Bti<!  soda  sfilntion,  care 
th»l    im    uii-    hubbies  ara  proeuut  in  the   tu.p  and   tlie 
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ontflov  jot.  The  caustic  soda  is  then  allowed  to  flc 
acid  until  the  r»l  colotir  uf  this  HuJdeuly  dinugoa  Lu  bin 
approaoh  of  thia  point  can  he  nean,  sjtice,  sliurtly  before  it  is  l 
blue  jKttches,  whit:b  at  tirst.  liiaa-ppear  un  slirriug,  aro  foimei 
the  wuietie  soda  rtnws  into  the  acid.  Thu  caustic  sada  is  thfl 
drop  ))y  drop,  mid  the  amount  l>y  wliich  tlie  blue  colomliod 
duced  call  he  obtained  lo  wiihin  one  drop.  The  amount  i 
solution  used  can  be  fcad  on  the  graduation  of  the  hurette,  a 
that  iha  iimoiint  of  acid  c!in  be  cal'.'iiUttecl. 

For  thin  }fwy»is6  tlm  sti'>L'u<;tli  of  the  camstu'  SKida  Bolutioii 
known.  As  a  riilu,  it.  is  pre]mi'cd  eii  m  u>  uontniii  oiie  cq 
weight,  equal  to  4()')l(!  i;m.  nf  «iiia!'ic  aoda,  in  oiio  litre  of  I 
Such  a  solution  is  nailed  iwymnl.  Kxnctly  a  litre  of  ihis  si^ 
roquti'sd  to  neiitruliBu  a»  much  acid  as  conbiiiiia  I'Ol  gni.  h]f 
for  example,   3C'4H    gm.    hjdLogen  chloride.     If    ii    cc.    of   t 

,      ,  ,  «  ■;  36-4tJ 

solution    liav>!  been   used,   there    must   hftvw    iwan     — iTiTTrJ — 

H  '-  0'0364G  gm.  hydrogen  chloride  present. 

As  a  inile,  it  is  not  a  nmtter  of  determining  th«  absolute  k| 
aciil,  but  the  nnvciilrniiiiir  of  ipven  solutions.     To   aacertiiin  t 
agid  i.'onbdned   in  a  drifiiiili.'  amount  of   the  soluttnn  has  to  I 
miil'ed.     This  imiuuiit  can  bo  wf^ighed   out,  hut  it  ts  n) 
veoient    to     nieasiu'e     it    voluniotrically.        For     ibis 
apparatus   called  jiii>rUrs  are    used  (Fig.    70).     They  w 
naiTOw  glass  luIk38,  widened    in   the  tuiddle,   and  a.Tfi  ' 
such  a  size  as  to  contain,  uji  trj  &  mark  ou  the  neck, 
number  of  culiic  ceiittmetree.     To  till  them,  the  li(||iiid  i 
\     up  past   1-he  mark  ;  llicy  art  theii  rlcieed  by  llic  forffiij 
the  Ii(|iEid    ia  allowed    to  run   itnt   exactly  to  the  iiiiiric 
cuiitonts  are  llieii  ampliad  iritis  the  vessel  in  which   ihc 
nation  id  to  he  maiie, 

By    the    operation    iif     iieiitriilisation    from     a     bur 

"titration,"    the    amount  of    acid    in    the    measured  v< 

aacerlaincd.  and  from  tliat  it  is  easy  to  talcnhite  the 

contained   in   luiii   vuliinie,   that    is,   the  concenti'atioD. 

examplf,  we  have  nieasiu'cd  oil'  n  cc,   of  acid  witb    tha 

and  havD  iisod  n  cc.  uf  normal   soda  sohitioi],  the  eoiice 

'"■  "'■  ia    f ijiial    tu    h/»    combining    weights    in    a    litre,    or 

in    a   cubic   centimetre.      If  M    is   the  combining  -weight,   M 

ia  the  amnuiit  of  the  siiljstance  in  .cniins  in  a  eiibic  centimetre. 

l.-^-i.  Volumetric  Analysis.— This  meihixl  of  chemical  i 

luent    liy    me-uis  nf    liquid-^  tff    knuwn    contmt,  is    called    ti 

aniUijxis,  and  the  upcriitirm,  litraimn.     The  method  is  not  lit 

the    reciprocal    deternnnalion  of   acids  and  Ijaaes ;    on   tlm  s 

therti  are  a  number  nf  other  rcnctinim  which  tnlie  pUtce  in  ' 

BoluLJDii    ftccotupBricd    by   chiinye    of    colour  or   olhyv    well 
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^moraeim,        Oii   ull  siidi  reactionB  methods  of  volumetric  ikRa]yeia 

Sanraona  which  in  uiie  litre  contain  one  combining  weigtit  <*f  the 

«Uva mliBiftiiej,  j^j,  grams,  are  called  nm-imti}  If  thoy  curitain  iin\y  » 
UiAliot  iViB  amount,  they  »™  cjillerl  ilnci-iioi'nial  ("/If),  und  so  oil. 
Ill  pre^mre  (,\,(.  Bylutious,  the  rtqiiisite  iiuuntitifs  of  the 
(iiWjincea  are  wcijrhieij  mit  iitid  introduced  iiilo  fljLsltg  of 
tte  ile&ivafl  «tj>acit.y.  This  volumo  la  wxattly  mai-ked  off 
liv  Ji  ring  on  the  iiGck  of  the  Hask  <Fit;.  71).  Such 
'eBMlsare  called  tmisunivj  Jiaaks. 

[.afltly,  W(f(fsj,j-(ijj7  fylitulffs  (Fig.  "_)  are  used  in  volu- 
matric  iiniilyajs  whore  com ptt natively  large  iiuantitiee  of 
li<[uiJ  biive  to  he  raftisnred,  the  volume  of  which  is  not 
^ffiu  ill  TOUiid  rmml^ers.  They  t;i>iwist  of  Cylindera  set 
■in  11  foot  and  furnished  with  etched  gradtiiiUon  marks. 

jw.i,  looa,— It  has  ulr«nJy  l»een  several  ttmcfi  pointed 
oiit  that  tile  h/driif/en  nf  ncuh  Ijuhavoa  in  an  essentially 
Jifferarit  mnnner  from  th*  liydrogeti  i>f  other  componnds. 
It  aluMyt  gives  ihn  same  reactions,  independently  of  what  the  other 
ef(m|n>i>eiila  of  the  acuU  may  he;  for  yynmijle,  it  is  always  displace- 
Me  liy  iiitigiiexiittti  und  other  nietida,  and  to  it  Liie  cotnmou  progjerLy 
oinciik,  that  of  reddening  litmus,  k  dite. 

In  the  siunc  way,  the  liyi/mn/l  u/  busin  always  shows  concordant 
[iropertieg.  It  is  tho  nmae  of  the  redderii?d  Jitmns  being  t^htinged  lo 
I'lue,  ami  on  il  depends  the  formation  of  new  comfionnds,  siiflf,  with 
the  simultaneous  proiluctioii  of  watiir,  under  th«  .■ictioii  of  adds. 
TtiMe  priipertii-s  "bBhrnf;  imiy  to  the  hydroxyl  id'  hiisea,  and  are  not 
shown  hy  other  hydroxyl  djiiipoiinda  wliirh  are  known  in 
targe  nnmliers. 

A  similiir  nideiH-'n deuce  of  tlio  chemical  [U'operties  of  the 
co[ii}H>iin'h  |ioHiit;sainj;  them  '\n  chown  in  tlio  uiae  vf  the  i»ilte. 
The  following  eKaniph?  will  make  this  clear. 

If  ji  aiuall  i^Uiintity  uf  ■i  eodtMe  «il,xr  snlt,  -'.g.  silver 
nilralti  or  Iiudu"  oiiistic  (]i.  r)H),  is  uddej  w  a  dilute  solution 
of  hydrochloric  acid,  «  white  pretipiUkle  ia  immediately  pro- 
duced which,  on  shakiriy,  hecomes  floccnient  and  Iook.s  like 
curdled  niilk^  and  winch  has  the  property  of  becoming  gi-cy 
when  eX|iosi-d  In  lif;lit. 

If,  n<iw,  dirt'crcnt  salts  arc  jivepiireil  from  hydnichloric 
wiil,  either  hy  d>: compos inj;  the  acid  witli  mctala  ur  .sninr* 
it  with  blUH,  "//  Ihesf  ^hIIa  haif  thr  sjiirut  jn-i'f"'rty ;  \\\--\  :dl  J 
tiie  precipiutie  with  silver  salts,  ;ind  the  meud  with  which  tiir  lij 
clilorie  acid  has  formed  the  salt  is  without  iiiHiicnec  on  the  proilm 
and  nature  of  the  precipitate. 

'  lu  lircat.  BnUiu  il  is  cunuiiirur}  lu  xMvk  »  iioriimi  ^liiliuu  ub  out  wlii-'li  oon 
I  liln:  the  hjfelfoffm  eifirimlml  rif  tlm  iinlite  wfevt  wniylial  In  ifmnn.— Ti 
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circuit  in  contact  witH  the  electrolytes  are  uiUcd  electwdfii.  Wo  have 
sevenil  timeB,  provioiisly,  tuMlo  use  of  tha  phenomena  of  oloctrolysis 
for  the  purpost;  of  ac])!initiiig  anil  iilentifyirig  the  coniiwnents  ol 
electrolyte  in  a  simjilG  manner  (pp.  140  and  178). 

Tlie  exhiLiislive  inveHtigittiiJn  of  the  eubatanCCe  which  po3 
propurtj'  of  tilsL'trolytes  has  sliowii  th;il  they  .ire  trinlu  coiii|x)li 
salts,  and   only  these.     ><<ilts  arr  drdrdUjka,  i.e.  the  property  of  »"- 
ducting  the  electric  current,  with  rlecompositioii,  is  iiisopuraljle  from 
the  presence  of  independently  roncting  eomponent3  or  ions. 

Thus  water,  for  example,  is  not  an  ek-ctrolytc'  Wo  can  coiivenw 
ourselves  of  this  fact  by  means  of  the  decomposition  apparatus  shown 
in  Fig.  73,  This  cntisisti  of  a  beaker  filled  wTth  the  liquid  to  he  investi- 
gated, to  irhich  the  turraut  from  an  electric  cell  (an  aceumiilator)  is 
led  by  two  electrodea  of  platinum.     This  metal  is  chosen  becaiiae  it  ii 


not  attacked  by  the  sultstanccs  which  6e|>arate  uut  at  tho  electTodv; 
moat  of  the  other  metals  are  not  ao  resistant.  To  rocnguise  ifce 
pBssage  of  the  current  any  current  indicntor,  e.t).  an  electric  boll, 
can  be  used.  A  moasnrtinieiit  of  the  current  can  at  the  sjime  ume  t* 
efleeted  l>y  using  as.  indicator  n  current  meter  or  ampere-meter,  wliic 
must  inJicttte  hnttdrcdtha  of  an  ampere. 

If  the  vessel  is  filled  with  pure  wster  and  the  circuit  closed, 
instrument  shows  no  deflectioii.  On  jwldiug  a  little  liydroehlnric  acid, 
caustic  Botia,  or  common  salt,  to  the  liipiid,  a  cun'ent  forthwith  jiiissei^ 
the  meoaunug  iitsti'ument  shows  a  dellection,  »tid  gaa  is  evolved  ut  i 
electrodes. 

167.  Anions  and  Cations. — T!ie<  more  exact  investigntion  of  1 
processes  which  talce  place  in  electiolylea  under  the  influence  of  ' 
current,  has  yielded  the  following  results. 

The  hi/ilroijeii  of  the  acids  always  separtttea  at  the  so-calleJ  fiff«J 

'  Bjiijukiiig  strictly,  waUr  is  ctrtniuly  au  clectroljte,  but  it  poiweMC*  this  proprrty  to 
nil  BmiTiliuKly  iiiinll  do^Le.  A  cu''ie  of  watvi-  willi  s  section  of  1  sq.  cm,  i-undnoB 
worae  cIihil  «  coliiiuii  a!  nicrctary  a  iiiillion  klJiiniutrea  Iti  leugtli„  havijij;  n  aettbo  al  1  tq. 

cm.  At  a  Inter  «Lii^a  We  shall  JdscUsM  tlie  pi'0]ioiiLii3  of  water  whipli  dcp^iiil  iiii  this  ral*il 
i^oaducttincy ;  wu  Jaave  tliom  nut  of  nciouDt  biirv.  In  order  not  Ca  co-mpljulo  tl" 
(icscrLiition. 
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ctnxle,  t,.f,  ihe  elpftriKle  ut  which   itia  posilive  tfurreiit  leaves  tbe 
iyXe  to  ]»\ss  int"  the  metallic  t'OniJuct«r,      At  the  same  electrode, 
of  liio  salts  ftjuicjir.     This  is  rtiiulily  seen  if  a  silver  or  copper 
!  d«roiii|xi8eil  ill  the  iipparalus  deBcribed  ;  llie  former  motnl  fiirms 
iiiv«dl<v8ha.}>e)i  LTVstals,  the  latter  covers  the  *lei?trtxie  with  «  ted 
a«g  which  exhihit^  lli«  (.oiour  of  pure  coppur. 

Hie  ions  which  wand&r  to  the  negative  tltjctrode  and  separatie 
arc  called  '■•(Hot",'  and  the  electrodo  is  tailed  llio  aithmlc. 
is 'the  cAtiuri  of  iiciiU^  tl]«  metals  aiu  tho  cations  uf  the 

At  tbt^  Becond  electrmle  ehlorint;  appears  in  the  decomposition  of 
Mrx-hl-xiv  acid  and  of  the  sAltlikc  metallic  chlorides,  and  caii  l*e 
h_v  its  colour  and   its  reaiiiona.     The  lona  which  move  in 

Of^Kwit^  direclion  to  the  cations  are  caltud  nniijiis.  ChloriJie  U 
'  &n(ani  tiie  anion  of  faydrochl one  :icid  .md  <tl  the  mutalLic  chlorides. 
IV  electrode  at  whifh  the  anions  ao]wimte  is  called  tho  aTodc. 

For  the  aakc  of  shortness,  we  Inive  here,  iu  the  lirst  jvlnce,  desig- 
tkled  iJiat  w'liicih  eupunitc^  at  the  electrodes  by  the  name  of  the  ioiia. 
h  wax,  however,  riot  be  forgottun  that  tho  ions  preserve  their  ionic 
warn  only  iti  ihc^  siMntioiiis.  At  tha  oli^ctrodet^,  the  electric  t-iirrent 
pan  on  throngh  the  mulvillic  eondnctors,  vvhde  the  ioua  are  elimi- 
nuAvt  xixme  pointtt.  In  tins  prncese  the  ions  are  converted  at  the 
^OroJc*  into  the  fillotropic  or  isomeric  forms  {p.  1S3),  and  ihio  goes 
Wl  ID  huxl  tritli  a  change  in  their  electricjil  relations,  which  we  S'ha)] 

1"  The  Firat  Law  of  Faraday. — By  a  series  of  careful  measiire- 
iMltik  Fuiulayt  >ti  Iv!.'t3,  e.'^tnhli.shed  the  law  that  the  amounts  of  the 
IfriMMKe*  which  sepanite  at  the  eleetrtwies  ava  atrictly  projiortional 
H  Iki  i|imitlity  of  tho  electric  curretit  ^I'liich  vtoa  piisHed  through  the 
tU-inJtte.  Fnim  this  the  idea  arises  that  the  passage  of  the  lilectri- 
■ifih  the  electrolyte  la  united irith  the  simultaneous  movement 
■"  ■j>»  Kms,  M*  that  no  current  at  all  cati  piias  if  it   is  not  Ciirried  by 

Utkcu. 

la  aMoriUnt^^t-*  with  tho  relation  which  we  have  just  stated  to  exist 
the  diri^ctiun  ol   the  current  and  the  chiomical  nature  ui  the 
which  8opariit«  out,  the  cations  (hydrogen  and  nietaU  in  thf 
•M«)  are  fj  l>e  regarded  as  the  carriers  of  quantities  of  /wifiitr 
rlwreas  chlorine,  as  ion,  transports  ivrgnlire  electricity.     At 
'll(ctnHl««,  the  current  leaves  the  ions,  bein^  propn^ted   iu  the 
Xafiir  conductor  without  the  BininltJineons  rao**eraetit  of  substar^ce. 

ffe  can    thtrtfote  raake  the  diatinetion  between   ions  and    the 

*rariiti  or  compjunds  produced    from   them,  clear  to  ourselves  by 

J    the    ions  as  electrically  charged   gubstaticcs,   whereas    the 

-■...■:— ,i4«  in   the  ordinary  st^ite  are   non-electrical.     This   view  la  a 

'  TW  vamH  U  iBtcndcU  lo  express  tbnt  thcMs  ions  waudct  ilowuwMtlit  iu  tliu  iliceution 
tfltatlKttU<«TVtt. 
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good  represenuition  of  the  (wliuil  relations,  and  it  miiy  !«  employed 
without  entering  mora  fully  into  the  way  in  which  the  eleclrical 
charge  on  the  ions  ia  united  with  the  siitiatiTiceB.  This  iievr  cnnc^ip- 
tioii  is  in  hanntmy  with  the  mtemn  ■meritinncd  nhovo  (p.  193),  Umt 
the  iona  dift'er  from  the  non-iona  of  ]ike  conipisJtinii  in  their  ni'i^ 
evhieut,  for  an  elflt'triwi-lly  chargeil  body  has  in.'«;osfiarily.  i)!  coiise(|uc;iioe 
of  its  char;;!',  ii  iliU'orent  content  uf  enorgj'  from  nn  iinchiirged  one. 

189.  Slectrlcal  Units. — To  enahle  the  cniinection  between  thi> 
cheniicfil  and  electrical  [(hcnOmena  to  be  clearly  expressed,  some  of  tho 
fundiiraental  laws  of  electricity  must  be  here  recftlled. 

By  various  menus,  aneh  Jta  gfilvnriic  cells,  dynamos,  bhcrmopiieB,  et«„ 
a  process  can  fio  V>rought  itboub  in.  t'oiiduiJtors  of  electricity  wliich  is 
called  an  vl-ttric  fjunvul,  By  it,  nil  kindu  of  work,  hoth  njcchaniea! 
eftei:ts  !\s  well  ws  chemical  decompositions,  can  be  performed  at.  nnr 
point  i>f  the  cunduetor,  ami  heat  or  other  forms  of  energy  prodiiowl. 
The  electi'ic  current,  therefore,  rojaresenta  a  special/wfit  <■/  fvrryy. 

The  current  can  ha  meastireil  l>y  applying  the  kw  nf  Fapftdiiy 
which  has  just  been  cauiuciated,  acconiing  bo  which  the  amQiint  "f 
fIrelrii'Ui/  piseing  through  an  electrolyte  ia  proportfotiid  to  the  timfvul 
of  auh/'iiia'  which  is  at  tho  sjinic  time  decomposed.  If.  therefore,  ati 
eleelrolytic  cell  Ixi  introduced  in  the  circuit,  the  quantity  of  pts 
evolved,  for  example,  is  ;i  incasiiro  of  the  amount  of  electricity  which 
has  pasEod  through.  Ry  strmijlh  «/  i'.u>rt'nf  there  is  iindyrslood  the 
quantity  of  electricity  -which  has  pnased,  divided  by  the  fiwr'  requirM, 
or,  the  amount  which  pas.ees  in  unit  tinic.  Tlie  strength  of  the  current 
can  therefore  be  measured  by  tho  amount  of  gaa  evolved  in  unit  time, 

The  unit  of  quaiility  iif  lelectricity  is  called  the  riiu(otnl> ;  it.  hs* 
been  determined  in  a  manner  which  catniot  be  cxpliiined  here,  T« 
rmhice  the  coulomb  to  a  measure  with  which  we  are  familiar,  we  make 
iiee  of  the  fact  thftt  for  the  evolntioii  of  I'Ol  gm.  hydrogen,  96,5*0 
coulombs  must  pass  through  the  electrolyte. 

A  ciureut  which  iji  each  second  conveys  one  coulOTUb  through  the 
conductor,  ia  calkil  .in  avijin-f.  In  order,  therefore.  th.it  :i  current  of 
on*  (impere  shall  liberate  roi  gm.  hydrogen,  it  must  flow  for  96,5*0 
seconds,  or  20  hours  and  49  minutes,  through  ihn  electrolyte. 

Very  weak  cuircnts  are  nicasiirod  in  mil li turn peres  or  thousandths 
of  an  ampere. 

A  current  is  not  determined  by  tha  numlier  of  amperea  alone,  for 
cunenta  of  the  anine  nnmlter  of  amperes  can  produce  i^ery  different 
efTecta,  according  to  the  nature  of  the  conductor.  The  relations  here 
are  the  Bame  afi  in  the  ease  of  a  stream  of  water  which  can,  with  tie 
same  amount  of  water,  perfomi  various  amounts  of  work,  aeeonSiag  to 
tho  preafiiire  or  the  height  of  fall.  The  magnitude  of  the  clctirie 
current  corresponding  tn  the  jiressiire  is  calleil  /i"l'-niw},  and  its  unit 
ia  called  the  r-'lf.  For  the  present,  however,  we  do  not  have  to  occupy 
ouraelves  with  this  magnitude. 


*  Apparacua  are  inail«  which  depend  on  the  magnetic  HCtion  of  the 
carreiit,  and  on  which  the  strength  o£  the  current  can  W  read  Jirfittly 
in  amjierea.  For  ohfrnical  purposes  an  instrument  on  whiei]  milli- 
ampercs  can  be  reai]  alf,  ia  the  niost  siiitahle..  For  llio  measurement 
of  stronger  ciirrenu  auxiliary  ap|>arjvtus  (shunts)  are  yiven  along  with 
such  instruments,  which  raduce  the  senaitiveneBs  to  a  detinite  fraction, 
generally  -n  icnth  or  .1  liunrlredth. 

isto.  The  Second  Law  of  Faraday.— From  the  law  that  the 

iou8  of  the  cluctrolytea  are  united  with  definite  amounts  of  electricity, 
sCJD«  important  conulilsioiis  can  b«  dii*wn,  which  allow  of  n  con- 
sidenible  eictensioii  of  the  electrochemical  relations- 
Hydrochloric  add  solution  is  an  eiecti'ifally  neulrd!  body.  If, 
then,  the  hydrJon  in  it  has  a  positive  charge  of  the  above  large 
amount,  there  must  also  be  negiitive  doetricity  of  exactly  the  aame 
amount  present.  This  in  uniti-d  with  the  chlorine,  which  thereby 
passes  into  chloridion.  According  to  tho  law  of  combining  weighta, 
there  are  35"45  gm.  chlorine  to  101  gm.  hydn>gei] ;  fonxfuenlli/,  one 
ijram-u>n  "t  35'45  yra.  of  dd'mdioH,  is  iiniitd  teil/t  96,i540  eoiUt/tnbs  <jf, 
tugitiire  rkrlrkUif. 

Sitnihirly,  the  solutions  of  all  aalta  ure  electrically  neutniL  If 
we  consider,  for  example,  such  aniounte  of  tho  difTerent  chloridea  aa 
cotitftin  3->'45  gm.  chlorine,  the  amounU  of  tlio  metals  present  along 
with  it  must  alao  be  united  with  ^0,540  roidomba  of  poaitive  electricity, 
indeiJfnttiint  of  their  nature.  These  amounts  are  equal  to  the  eom- 
biniug  wei|;hls  of  tht;^  respective  metfds,  which  are  each  united  witb 
oue  combining  weight  of  chlorine;  conseijuently  we  can  stata  the 
anivereal  conclusion ; — 

TVie  timounfs  'if  iJm  lUfftrmt   viiiti  laiiUd  tcilh   the  Mine  ^tiaiiUlies  of 
tledri'^t^l,  t>'<"  *«  Wtc  j'To/Ktrtion  of  thu  ccmhiniii^  vjfif/hh  of  iheM  iiim. 
^     In  this  form,  the  theorem  holds,  ccrtiiinly,  only  when  the  combining 

;h(^  are  so  chosen  that  they  co^rreaponJ  to  1  'OL  gni.  hydrogen  or  to 
35'4d  gm.  chlorine.  There  are,  however,  mctaU  wliich  eumlnno  with 
two,  thi-ee,  or  more  eonihining  waights  of  chlorine ;  in  their  case  the 
amount  of  electricity  is  a  ton-cypnndiiij;  multiple,  and  they  are  cJilled 
/•iiliri<ttj/-nt :  likewise,  there  are  j>olt/i-alrftt  am>Tiii.  We  shall  discuss  theoe 
relations  at  a  j^ter  stage. 

The  theorem  jusi  enniiciale^i  was  alao- discovered  by  Paraduy,  and 
is  also  called  the  law  of  Faraday.  This  law,  therefore,  contains  two 
laws  vrhicb,  indeed,  aro  connected  with  one  another  but  have  respect 
different  things.  Itecapitulating  all  that  liaa  been  &aid,  vie  may 
it  ill  the  fullowiiig  form  : — 

/ji  tlecli'"lytcs>y  l/ie  rltrtncitff  mur^^s  oiihf  *ci/A  ,i6ft  Kr'**'/SMwl/,< 
uf  thrir  rumjxvuiit:!,  l/ir.  urns.      The  ijnaiidii/  iif^ttcii-iritfi  ijUfUf^'U'l 
]iortujnal  h  ihr  •luajifiH':-'  "f  Oh  ions  nrtd  ix»u 
mitUi/At  uf  Ihig,  f<rr  crtri]  i/ntm-mi  if  aiu/  sut 

**  The  law  of  Faraday  has  a.  certainN 
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Lussae  with  resjiet't  to  the  vtilumos  of  giises  in  theaiicjil  eomltinatio 
Just  as  the  amoiiuts  of  giises  present  in  eqiinl  volumes  iire  pro[.ior(ioi 
to  the  ciiniliiiiiny  weights  oi"  to  iniiltipliia  of  theae,  tVie  niiiouiite  of 
10113  miitcd  wibh  etjiml  qii^jitities  of  electricity  are  jcIbo  [n'Ofwrtiona] 
the  oonibiniiig  wt'igfits  or  to  fractions  of  tliesiv 

*  li)t.  Primary  and  Secondary  Products  of  ElectrolyaU 
If  very  dilute  liyiirmililorii-  iirki  k  siilijocLi^d  it*  <?li}etro!ysis,  hvHru^'i?D 
obtained,  iia  before,  iit  the  cithode  ;  no  chlorine,  JiowcvDr,  Hppeart 
the  nnodfl,  litit^  in  its  Bte;wi,  an  ei[tiiva]ont  amount  of  oxygen  is  uvol? 

Tin's  is  line  to  tlie  tact  thiit  the  wat-er  is  detompoacil  hy  clilorine  » 
formation  of  hydrogen  chluritii^  and  oxygen,  Hci!oi'ding  lo  the  equal 
2Hp  +  *JCl.-,=  4HCl  +  05(p,  172).  This  process,  it  is  tnie,  Uikes  pi 
with  measurable  velocity,  only  in  light;  we  umy,  however,  as*u 
here,  as  irt  similar  cases,  that,  the  prwcas  takos  place  vnlliout  Isg 
only  very  slowly.  It  can,  in  facl,  be  ^teeeloratcd  by  ]>l:it]iiuin 
similar  ciitalyaers,  uven  iii  the  Jiirk,  ti^  such  an  extent  as  to  1"* 
measurable.  The  oecurrenue  of  oxygen  in  the  electTOlysis  of  dill 
hydrochloric  acid  is,  therefore,  gencmllj  intcrpretod  in  euch  a 
that  it  is  assumed. that  chlorine  is  first  formed,  and  that  this  then 
on  the  Water,  undergoing  donble  dccoin|insitioti  with  this  to  i 
oxygen  und  hydrochloric  auid  ;  the  oxygon  is  accordingly  cfill 
i/cortdii fj/  product  of  clecCroly'sis. 

Doubt.,  however,  arises  as  to  this  view,  because  of  the  fuel  th. 
asaumes.  hydrochloric  acid  to  be  drnmiposed  by  the  current  and 
fmiiM'il  agiiin  under  the  same  conditions  with  the  cu-opemtion  of 
water  present,  Sui^h  an  asfiumptioii  can  b*  a*'oidod  by  nutans  of 
able  considerations  :  these,  however,  we  shnll  not  put  forward  hi 
but  ive  shttll  foiTnally  retain  the  vieAv  just  given,  which  has,  in 
first  instance,  no  f Hsadvan tay;e  and  siuiplifica  the  discussion. 

Such  aecondjvry   products  are  often   formed  when  the   ions, 
they  are  discharged,  do  not  constitute    subatancea  which  are 
undi*r  the  existing  cireumatanceB. 

ThiB.  coppur  and  silver,  jis  haa  been  mentioned,  are  eliminat^j 
metals  fctim  iheir  salts ;  they  ore,  therefore,  priniuvy  prodiiet*. 
however,  sodium  chloride  ia  electi-olj-sml,  there  is  obtiiined  (wlien 
centrated  aoUitions  are  used),  on  the  one  side,  chlorine,  hut  i 
cathode  there  is.  obtained  not  sodium  but  htftimjen.  This  arises 
the  fact  that  sodium,  which  ivoiild  )ie  eliminated  aa  "primary  "  prodi 
canmit  exist  in  contact  with  the  ai|Ueon8  sohition,  but  must  immediai 
pisa  inio  caustic  soda  with  ovalutioii  of  hydrogen  (p.  S4).  On? 
iherefore,  again  a3.sume  that  8o<3iiini  is  indewl  eliminated,  but  that 
tho  moment  of  its  (Kisaiiig  frnin  thii  ionie  into  the  metallic  atjU* 
reacts  with  the  water  with  formation  of  the  secondary  products. 
a  matWr  of  fact,  caustic  soda  ia  found  at  the  cathoile,  tor  on  jwl' 
red  litmus  solution  to  the  liquid,  it  immediately  becomes  hhie. 

IE  a  solution  of  caustic  soda  or  sodium  hydroxide  1j«  subji 


c^j 


gen,  foi'  ihe  reasona  just  given,  makes  its  aitpuuratite 
At  tiie  aiKxle  Jiydi-oxidiou,  01!',  is  iliacharged.  Tliis 
Hist  alone,  tmt  tlie  lUmliled  comjioiiiid,  O^Hj  or  hjOTOgen 
i  known.  Tbis  suhslance,  hf^iivfvcr.  0)i  account  of  ils 
is  also  DOt  producwi,  m-  jit  Ir.ist  is  bo  only  in  traces ;  on  iho 
he  reMtioil  iOH  =  2I1l,0  +  O.,  occur*,  nnd  free  oxygen  is 
Tbis  oxygeu.  therefofu,  is  also  to  be  regiirded  a's  a  secundarj' 

f't  law  is  necessarily  fulfilleil  wlietliei'  tbu  proJucta  of  the 

jure  primary  i>r  secondary.     For  in   the  second  csise,  Ihe 

[    the    secondary    siibauiiiccs 

connected  with  those  ni  the 

Y  Biin|iio   i;tieiiii(-:i9   ccjitatioiis, 

pnner  mtial,  therefore,   iioces- 

ipodiicwi    in   umoiints  which 
mid  chenii.'ally  eqiiiva- 
lury- 

it  cbaitgus  in  the  t'onditionH 

'rimvnt,  oiio  may  efiniutimcs 
prinnary  or  the  secondary 
t  will.  For  example,  if,  in 
yiris  of  fiodium  hydroxide  (ir 
»ridc,  the  plalinum  catliodn 
1  l»y  orip  of  niercnry  (Fig.  74), 
^R  is  evolved  but  the 
Bolvea  in  the  mercury.  If, 
I  the  mercurj"  contnitiing  the  sodium  lio  pWed  in  pure  water. 
[kmiiLtion  iJNa  *  2n„0  =  2NaOH  +  H„  slowly  taliee  ploee  ; 
B  evolrtil  and  (he  lii|iiLd  reacU  nlkulino. 
Kasijciation  of  Electrolytes.— An  imjiorttint  fjiet,  wliieb 
ihct  light  on  till'  dill'trencc  between  ekctroljtL-s  .-ind  iioii- 
^Httba  followiti^.  It  has  previously  heeui  expliiiiied  lljat 
H||lit  of  aiiUtancea  soluble  in  ^nitt^r,  can  lie  determiued  by 

wbich  ihey  produce  in  the  freezing  point  of  wiiter,  one 
|r  Mihetanc«  disfrolved  in  a  litre  of  water  canaiug  a  depression 
W  the  ijiiantity  of  hyilrochloric  acid  wdiicli  causes  siicli  a 
he  "iiXeniiined,  it  is  found  thttt  al>out  19  gni,  are  sllftici(;"t. 
uiftlleal  molar  weifjht  wliich  ran  lie  assnnteil  for  liydrogen 
3tV4fi,  the  sum  of  the  conitiiiimi;  weights  of  ohlririm'  .'ind 

thia  molai-  weight,  also,  is  ohlained  from  the  gaseous  density 

I  cliloride  (p,  1T8).     New  relations,  therefore,  are  met  with 
Inquire  a  special  interpretation. 

nhtnint^d  when  we  tnkt>  iiitft  account  tho  facts  which  have 
(ortU  concei-ning  the  inflrpaifleiii  he/ia/i'imr  nf  the  'umx. 
af   the    other    hydrogen   eom|>oiinds,    as,    for  example, 

■pfrit  of  wine,  water,  sugar,  etc.,  no  comniun  property  c&u 


Fi'i.  U. 
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Further,  we  ehall  Bomctimes  find  il   recessury  to  ^listinguish 
aulratancts  in  tho  comiitinn  of  tons  from  the  others,     Fur  this  purp 
the  witbona  ivill  Uii  dcMignalwi   by  u  (mint,  the  anions  by  h  dash, 
raprCBcnts,    ihcrcfore,    liytlrioii ;    CI',   ehluridinn.       On   UKunnt    oj 
nKtssiUj  thtl  I'hfvwnitij  ripi.mili'vl  timtmvls  iif  calims  nntl  animts  muxti 
prvsetii  in  stjluHam  (p.  197),  eirTi/  ivmi'lrir  clteinkul  e^tuitifm  wusl,  «A 
iofut  ftccar  in  it,  crmlahi  ei/uiiiil-eiil  anwunfs  of  ailimis  and  intutns  un 
Rime  niifi  (•/  il"'  >'ujn  of  eqmiUtji. 

Thus,  fcii-  example,  tlii;  process  of  the  formation  of  sodium  chlf»rirji> 
from  hydrochloHu  aoid  and  caustic  so<lri  will  liEuve  to  be  repn  -    ■  ' 
by  llii>  following  equation,  if  it  is  desired  to  represGnl  the  {in 
by  the  ions : — 

H'Cr  ^  NaOH'  =  NaCr  +  ILO. 

ThlB  Or|(latiofi  ehowa  tkit  the  ions  chloridi^n  and  sodioh  fee 
uniihariged  in  the  process,  »s  their  reactions,  indeed,  also  jwi-sist  in  tlie 
80lntif»n  uf  common  a;ilt  pi'odnttd.  For  this  fjives,  on  the  one  hand, 
the  precipitate  with  ailvwr  siilts  which  is  chiiriictenstic  of  chluiiilion,  arnl, 
on  the  other  hand,  when  electrolysed  with  a  niercnry  cathoilc,  ityielh 
a  Botntiftri  of  Bodium  in  luerc-nry,  just  as  cjinstie  soda  also  does  (p.  19!*), 

The  ions  hydroxidion  and  hydrion,  howei'ei',  ,'ire  used  up,  heeause 
they  have  combined  to  form  undisaociated  wnter  ([).  194)-  For  this 
rcTBon  the  rwictioii  both  of  hydrioti  and  of  hydroxidion  hiivp  dis- 
appeared, for  the  lirpiid  no  longer  reacts  jLcid,  nor  win  the  b»sic 
properties  of  <anstic'  sod,'*  be  iuiy  loni;-er  d-t'totted. 

194:.  Thermocliemical  Relations  of  Hydrogen  Cliloride.— 
Since  ohloi'iiie  hiiriiM  in  fiydioyon,  ihe  heat  deveiopeij  in  tlie  combustion 
can  ho  dirt^ctly  raeiisiired  ;  the  following  eqnation  is  thus  obinineil : — 

This  number  iippliea  to  the  formiitiou  of  ^ii^cfliw  hydrogen  chtoride. 
If  this  is  disBolred  in  water,  a  further  very  consiilcndile  r|U»ntity  al 
heal  IB  developed.  Tlie  necessity  is  here  felt  of  disiin^ishing  the 
dissolved  hydrogen  chlurido  from  the  gasentis,  since  these  two  forms 
po3S4}sB,  ill  conformity  with  tke  difference  of  their  properties,  very 
diffaront  energy. 

Where  we  are  dealing  with  miiieoua  solutions,  it  has  heeomr 
cnatomary  to  designate  the  condition  of  i^'ibUtoii  of  suhetancea  by  lb* 
addition  of  aq,  (aqua).  Now,  terCiinly,  the  development  of  he&l  on 
dissolving  hydragen  chlondu  vanes,  according  as  the  solution.  produ«4 
is  more  or  less  coneentratpd.  This  is  easily  seen  from  the  fact  that  im 
diluting;  a  concentrated  sohition  of  hydrochlonc  acid,  a  fairly  )iirg]> 
quantity  of  heat  is  developed.  If,  however,  the  dihilion  is  cjiTriwI 
further,  this  heat  Iwcomcs  !es3  atid  less,  and  there  is  ultimately  a  fin»l 
lyondition  reached  when  x  measurable  tjuantity  of  haat  is  no  longer 
developed.     It  is  to  this  condition  that  the  symbol  aq.  refers. 
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If  hvdi-ogeii  clilnride  is  diBsolved  in  a  large  (^uiintity  of  water,  72  ^j 
1  developed,  and  we  have  tho  equation 

HCI  +  iuj.  =  HCUq.  +  72  ij. 

On  .idding  this  equation  {multiplied  by  2}  to  ilio  pteeeding  one, 
BMf  fwlluws 

Fl,  -I-  C!,  +  aq.  =  2HCI  ac|.  +  2  x  1 64  i^', 

rtiivlt  ^ives.  the  heat  «if  Inrmfitioii  of  thi;  iii!isot)'ril  hydroehloriu  ncid 

am  its-  t!li!me?its. 

1!>5.  Thermochemistry  of  the  Salts. — If  a  strong  &c\d.  e.y. 

iiydi'<>chl(>ric  scid,  is  neutfaltsed  with  a  atroiig  haae,  r.(i.  enustic  bw\&, 

(juantity  nf  heat  equal  to  -■>"  l.'j  is  davclopBrl.     The  (|iiaiiti[j  of  boat 

foiui<l  U>  he  idciiticiil,  no  miilter  whiit  acid  oi'   base  is  Used,  it  hting 

lined  that  buth  are  "strong,"  and  tliat  both  are  in  the  condition  of 

ilut«  aqiit^oii^  Wntion. 

The  ieii3otL  of   thia  law  beconics  iit  once  npparent  if  we  retail  the 

fact  thftt  ih«  fciniAtioti  of  a  salt  from  its  utid  aid  base  iti  dilute 

B^ueoua  solution,  consisls  in  the  hydrion  and   the  hydrnxiOioii  com- 

^rining  to  form  water,  while  the  two  other  ions  reninin  unchanged  side 

by  aide  (p.  202).     The  heat  development  of  .*)"  kj  is  nothing  [■Ise  than 

the    kfttl  I'f  /firmaltan  of  v:iiter  from   h/iirioji.  nnd  Ijijiircritfum.      Since  in 

the  fomintion  of  any  and  alt  sahn  frnm  strong  (i.e.  ncfirly  nraiplelcly 

dissociated)  acids  and  IjaBea,.  the  same  process  of  the  fomoation  uf  watpr 

jlways  takes  place,  the  corresponding  heat  development  must  alsrj  hfive 

Bbe  Bawe  value. 

At  the  aanie  time  it  follows  thai  deviations  are,  in  general,  to  Ite 
expected,  if  any  of  the  ftnppositiofiis  made  are  not  fulfilled,  i.e.  if  acid, 

re,  or  salt  tg  slightly  dissiHiialed,     To  the  lieat  of  formation  of  water, 
bj,  there  muBt  then  be  abided  the  quantity  of  heat  whitli  is  developed 
or  al>aorln;d  in  the  deironiposi tion  of  the  atid  or  base  into  its  ions  or  in 
iie  fomuitiou  of  the  undissociated  portion  of  the  salt,  and  the  obgen'ed 
heat  of  ueuti-aliealion  la  the  sum  of  the  corresponding  magnitudea. 
i"8  shall  have  an  opportunity  later  of  mentioning  siieh  eases. 

Further,  it  was  mentioned  on  p,  193  that  the  elcmenlnry  ions  have 
Serent  r^nantities  nf  energj-  from  the  free  elements.  It  may  be  asked 
it  t$  podHJIiJc  to  iflCJisiici!  this  dilfereiii^e. 
A  method,  which  cannot  be  flej^cribed  here,  haa.  indeed,  been  found 
this  pwriiose ;  but  since  no  other  method  of  attaining  the  same 
Ckbject  could  he  found,  it  has  hitherto  not  been  possible  to  lest  il^ 
KCUJlt.  It  led  to  the  eopelnsjon  that  the  tranefomiatioT)  of  hydros 
jM  into  dissolved  liydrion  causes  no  appreciable  ehnrifie  of  ene 
We  have,  thernfore,  the  following  ihcranochemicftl  einntion  : — 


H,  +  W[,  =  2H'aq.  +  ()ij. 
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If  this  basis  he  assumed,  tEe  beats  of  formation  of  all  other] 
Cftii  be  deterniiiiuci. 

For  example,  it  was  faniid  (p.  203)  that  a  dilute  atj^utous  sob 
of  hydrochloric  iicit!  is  prcxiuteil  from  Hs  eleruents  and  water 
a  heut  de^'clopmeiit  equal  to  164  l.j.  Since  this  solution  con 
chlorine  and  bydrogcn  iu  the  ioim  of  ions,  vre  should,  takin^  thii 
luu'ouiitt  write  the  equation  : — 


CIj  +  Hj  +  aq.  =  2C1'H-  aq,  +  2  x  1 04  Hj 

=  2C1'  fwi-  +  2B  aq.  +  2 


164. 


Subtracting    from    this    llie    oqiintion   H^  -i-  aq.  -  1!H"  iiq., 
follows 

Clj  +  aq.  =  2C1'  aq.  +2xlU/c/. 

In  other  woi-ds,  ^h^.^  lii;at  of  formation  of  dilute  liyilrocbloric 
eijiiiil  to  the  heat  oE  foimalion  of  chloridion,  since  the  heJit  of  for 
o£  hydrioii  is  nou^'ht. 

This  conclusion  can  bo  at  once  geiiemliaod,     Siiico,  as  regar 
hydrion,  tho  siime  rdiitioiig  are  found  in  tlie  case  of  a-il  acids  bo; 
they  lire  Gteclrolytically  iSissociatod,  tlie  rule  obtains  for  all  aciii 
the  heat  of  formation  of  their  dilute  aqueous  solutions  is  eqaal 
heat  of  forouition  of  their  anion. 

Whet  8o<iinin  is  dissolved  in  hydrochloric  acid,  the  hyi 
the  iicid  escJLpes  and  sodiani  chloride  is  produced.     The  develc 
of   heat  which  therehy  occura  h  very  tonaiderji-ble.     Thi.%  ha*' 
determtue'l,  indirectly,  und  lieeu  found   eqnal  to  239  icj.     This 
spoitds,  therefore,  to  thti  cquiLtioii 

2Na  +  SH'Cl'  aq.  =  Ha  +  SNaCl'  lui-  +  2  «  239  Ky. 

If  we  ngu'in  snliLnict  the  equation  H.^  -i-  aq.  -  2H'  aq.  from  thia  auj  ( 
on  each  side,  the  euramon  member  iCV  aq-,  wo  obtain  ^j 

Na  +  aq.  =  Ntt'aq. +  239^3.  ^j 

That  is  to  any,  the  conversion  of  metallic  sodium  into  sodion 
accompaaiM  by  a  development  of  h«at  of  239  kj.  This  is  the  ol 
amount  of  hciit  as  wan  developed  in  the  nttion  of  eoilium  on  hydl 
chloric  acid,  fo!"  the  simiiltaueotia  convcraion  of  hydrion  into  gasM 
hydrogen  yivts  no  heat  effect. 

This  thoorom,  also,  can  be  extended  generally.  It  holds  for  en 
other  diasociult^d  acid  nnd  every  other  metal.  We  ciui,  iheroUl 
enunciate  the  general  luw  : — 

1/  a  meial  ttck  <nt  tm  acid  mih  the  jarwtiUon  nf  a  null  and  ynural 
of  kyiiroyen,  ih«  ainounC  nf  hml  which  is  Uerelojmd  iff/rnrfs   on/y  on 
luiliue  uf  iht  tiuiaJ;  awl  is  in-'lrjirniiciii  uf  iJt^  actii.     This  htat  is  cqiuJ. 
the  heat  of  tranEfurmntion  of  the  metal  into  its  cation. 
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The  first  part  of  thia  law  is  an  experimental  fact,  and  was  known 
{ig  before  it  was  deduced  on  the  basis  of  the  theory  of  electrolytic 
ition. 
Should  any  of  the  substances  with  which  we  are  dealing  be  undis- 
or  only  slightly  dissociated,  deviations  from   the  simple  law 
■ ;  the  cause  of  these  is  the  same  as  in  the  case  of  the  deviations 
the  constant  heat  of  neutralisation,  discussed  on  p.  203. 

■  The  transformation,  therefore,  both  of  chlorine  and  of  sodium,  from 
fel  ordinary  to  the  ionic  condition,  is  accompanied  by  a  very  consider- 
Vb  development  of  heat.     Although  the  difference  of  the  total  energy 

■  the  two  conditions,  of  which  the  heat  development  is  an  expression, 
f'aM  a  direct  measure  of  the  tendency  of  the  elements  to  pass  into 
fti  ionic  condition,  still  the  one  moves  to  some  extent  parallel  to  the 

r,  and  from  the  large  values  of  the  heat  development  we  can  infer 
value  for  the  tendency  to  transformation.     In  fact,  it  has  been 
lly  mentioned  that  both  elements  possess  a  very  considerable 
reactivity.     On  examining  the  nature  of  these  reactions  of 
and  sodium  more  closely,  it  is  found  that  in  the  majority  of 
laJts  are  formed,  that  is  to  say,  we  have  before  us  a  mani- 
of  the  tendency  of  chlorine   and  sodium   to  exchange  the 
VCiaiy  for  the  ionic  condition.^ 

'  Brea  is  the  nJiii  fialls.  which  &re  not  electrolyticnlly  dis.socialeil.  tlie  cDinpniients 

MMt*T  to  the  conilitinn  of  the  ions  tliao  to  tlint  nf  tin.'  fri^e  l■Ienl(-llt^.     This  is 

the  fact  that  the  pasMge  of  the  noliil  islts  into  the  iouic  coniUtiou,  on  Witi); 

is   wmter,  girt*  rise,  in  general,  to  only  iticonsiderahle   heit   uH'ifcts,  iu  most 

inilceil.  to  abforptioD  of  heat. 


CHAPTER  X 
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138.  Oxygen  Com  pounds  of  Chlorine— ^Vhereas  hydrogen^ 
combiQe  mth   chiorhio   only   in   one   proportion,   this   latter  ele 
fomiB  several  compounda  with  oxyg&n.     There  is  a  atill  larger 
of  ftubfltancea  which  contain  hydrogen  along  with  chlorine  and  as 

All  thuso  compounds  are  disuiiguished  from  hydrogen  chlo 
a  cireiimsUiiict!  of  essential  impurtJLnce.     Thoy  hour  the  same 
to  It  as  hydrogeu  pei-oxide  does  to  water;  hydrogen  chloride  is 
from  its  elements  with  loss  of  energy,  and  cannot,  ihereforo,  decoE 
apontrtneouBly  into  thcni,  hut,  for  the  pi-oduction  of  the  oxyj 
poujids   of    ehloriiiL^,   unergy   must   be    eommunii^Led.       A-ccor 
these  compounds  exbiiiit  the  property  of  decomposing  spontane 
i.f'.   without  the  conimuiiiciition  of  energy,   and   this  inslabilii 
luarkttd    in    the    ciias   of   eomo   of    tbem    th.xt   tboy   dc^compose 
explosion.       The    reason    fur   this   is   in    I'litire   sieeordoneu   withl 
rcUliona  aet  forth  in  the  case  of  hydrogen  peroxide  {p.  162). 

The  way  in  which  iha  energy  necQasary  for  the  fcirniatiojii  of 
compounds  must  bo  COnnaiinicated,  may  vary  in  dillertint  eases, 
nnost  frequent  and,  for  gunerat  reasons,  the  most  imjinrttuit  way  fo 
is  the  e!4':mknl.     If  th*  possible  procusacs  are  eotiducted  in  aiich  a' 
that  along  with  the  desired  substance,  other  substances  are  pi 
whose  formation  is  acQCHni>ii.nied  hy  the  liberation  of  large  qu&nt 
of  energy,  this  energy  can  be  used  for  the  purpose  of  producingj 
coniparati  voly  unatabic  compound.      For  the  successful  comuunic 
of  this  energy,  however,  it  is  not  sufficient  that  jiny  reaction  what 
wlueh  will  yield  energy,  be  allowed  to  lake  place  alotig   with 
desired  one ;    such   a  reaction  would  act   merely  as  a   correspor 
elevation  of  the  tomporature,  and  it  would   have  no  cGfeet,  or  on 
harmful   one.      Oit  Ikt.  iviUrari/,   li  is  an  r.^srnliril  aoulithm  Ihal  lK$ 
rfdioiLi  lie  liepeiideiit  on  ime  anolher,  i,r  he  "eyupicl"  mlh  cm  aitoth 
that  the  one  cannot  Uikt:  pUtcc  wiUiuul  Ike  olhrr.      It  can  be  seen  from  I 
chemical  aquation  whether  ihia  condition   ia  satiafied.     If  this 
separated  into  two  equations  which  lure  indepeudent  of  one  tu 
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cbemical  jiroceasies  are  not  "  coiipled  "  ;  il  such  a  separation  oinnot 

imaUf,  ihr  ahfj\e  coTidition  is  aiiiisfictL 

Thus,  for  example,  it  miglit  be  expected  that  the  lurge  dovelop- 

of   cnergj-  which  acconijmnios  the  formation  of  wator  from  ItB 

lU,  oould  eause  the  simultaneous  fot'tnation  «f  hydrogen  peroxide 

tvg-eri  and  hydrogen,  the  energy  nocussurv  for  tins  hitter  rcfictinn 

■ldL*d  hy  thft  former  hy  some  such  reaction  a£  is  expi'esecd  by 

equAtaon 

3II„*50,  =  2H.O+Hj0.. 

nxpcctAtion  !£  not  confiimed  by  experience,  )i  fact  which  is  in 
ay  with  the  rale  just  giveo,  for  the  mjuiLtioo  can  be  resolved  into 
I  two  equstiuris 

2H;  +  0^-2  H„0  and  Hg  +  O.  =  H.0„ 

ro  prooeaaes  are,  therefore,  not  coupled  or  mutually  coiirlitioaod. 
>os  examples  of  coupled   proeeseea  will   be   given   by   the 
which  lead   lo  the  formation  of  the  oxygen   compoiuids  of 
mmI  which  will  be  given  immodiaUtly. 

HypOChlOTOas  Acid. — It  h.ia  been  ulr-eiidy  mentioned  (p. 

(Jdiirirt'.'  ie-.  abs<jrbtid  by  cuiistii;  aodu  solution.     The  product 

e»i)iii.>t  loiiaist  eiiLiiely  of  sodium  chloride,  for  this  is  formed 

itaiutii.'  sikIh  and  hijiiro^i'ii  rlilt?riiii;      Aa  a  mjitter  of  fact,  sodium 

H  inde4Mi  foniied,  ai'companied,  however,  by  a  new  substance. 

■olitticin  pix/ducdl  lias  nob  the  purely  ealine  tuste  of  common 

4  caustic  one.     Like  free  chlorine,  it  has  Ji  lilmrhiiu/  action 

Mo  colours,  e.'/'.  liLmua  ;  il  acts  as  a  powerfid  diaiufettunt, 

Lob  tfav  addition  of  hydrochloric  acid,  it  evolves  chlorine,  whiifh  can 

hj  ita  colour  and  smcll.     CommOn  fiult,  hi>Wever,  gives  Ho 

rmctiuu  nith  hydrochloric  acid. 

TW  9ibov«  ]>n>ceas  take^  place,  according  to  the  ei^uatiori 

SNaOH  +  CU  =  NaCI  +  NrCIO  +  H,o; 

'  iiri-   f<>rm«d,  therefore,  sodium  chloride  and  another  compound 
lamuins  oxygen, 

!  tkb  e«n|K>und,  NuClO,  be  pi-epared  free  from  sodium  cliloride, 
iIhuI  tbiil  ila  uqiieou»  solution  is  an  electrolyte,  but  does  not  give 
pa  mxtiooa  of  chloridion,  for  no  precipitate  is  obtained  with  silver 
Tli<e  cnide  solntion,  which  cont.iinB  sodium  chloride,  of  course 
iftia  pcvcipitate,  but  only  in  half  the  amount  that  corregpoiids  to 
^■Unrinc  present. 

Prmb  tbu  it  folluwa  tliat  thia  Hecotid  substance  in,  indeed,  a  salt,  but 

no  chiuridinn.     The  chlorino,  mnut,  therefore,  he  present  tn 

Hglksrecmbinatiori,  and  the  most  nbviniis  possibility,  and  the  one 

■gnea  witli  jutital   fact,  ie  that  it  forms  an  ion  CIO'  with  the 

■odioti  Ittriiig  the  other  ion  of  the  salt. 
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TLerc  must  therefore  be  an  acid  HCIO,  formed  by  Che  combinat 

of  hydrogeii  witli  tho  ion  CIO',  which   on  neiilralisation  willi  cam 
aoda  (lymn  yields  the  ongmal  salt,  according  to  tlie  eiuaUoQ  HCIC 
NaOlI  =  NaCIO  +  H^O,       Such    au    acid   can,    indeed,    be    pref 
This  acid   has  received  the  nutne  of  hif}iifJilt,ri/ujt  ««'</,-   its  «i]u . 
culled  hifjtwhhjrilrs  and   thu  ion  CIO'  lii/piKhtorosiun.     The  sodium 
already  mentioned  ia  called  sfxiium  biif.nieUfriie. 

1 98.  Preparation  of  Acids  from  their  Salta.— For  this  pur 
ft  general  niL-lboil  i^  ustd,  whiL'h  can  lie  dowcnl>L-d  in  the  following  wo 
To  oliktin  the  <icid  correapoTtdiurj  lo  a  ijiven  salt,  tht  salt  is  liecvmjxi^fd 
anoHiff  odd. 

Thnt  such  n  prepaintiori  ia  jKissible  enn  he  seen  if  wo  (JcsiKimWl 
desiMd  acid  by  HA,  whoru  A  is  a  simple  or  complex  union,  4UidJ 
saJt  by  ilA,  whei-e  M  lepreaents  some  metal  ioii.     Furlber,  if 
atiotbei-  iifid,  the  following  reaction  is  possible  by  the  iutenitlioii 
the  two  Biibstiiiiccs; — 

MA  +  HE  =  HA  +  MB. 


There  would  bo  obtained,  therefore,  if  the  i-eaetioti  took  plate, 
ilesirfd  ncid  ami  the  aidt  of  the  acid  oddod.     Tliero  roitmiiiii  llieni 
fui-thor  task  of  eopamtiiig  the  two  substances  in  oivJi-'r  to   oUain 
acid  in  a  piiro  slata 

Ai^plyitig  ihia  nile  at  once  to  the  case  before  ua,  we  should  havi 
decompose  the  sodiuiu  *i!t  N:iCiO  with  hydrochloric  acid.     The  d« 
acid,  ftlniig  with  sodium  chloride,  wuuld  bu  obtained,  according  t« 
reaction 

NaClO  +  HCI  ^  XaCl  +  HCIO, 

and  the  two  snbstaneea  wonid  then  have  to  lie  separated. 

It   has  been  found,   now,  by  experience  thiit  the  rcnctiun  rej 
eented  by  tho  ^*aeral  sclienie  always  occurs,  but  ia  tin-rr  n 
tme.      In  all  cases  only  «  portion  of  thii  aiibstancea  present  unde  _ 
reaction,  and  another  portion  remains  unohauged.     In  other  words 
all  Ihfsc  ewes  chemical  tv^id/iWu  am  established  [p  101).      Fan 
ei^uilibria  it  is  necessary  that  the  concentrations  of  tlio  reacting 
staiiCL's  shall  be  in  a  definite  rehition  t-w  one  another,  depending] 
the  nature  of  the  substances,  on  the  lem[ieraliire,  and  on  several  ab 
circuimtancea, 

If.   now,   one    of    the    participating    substances    is   removed, 
equilibrium  can  no  longer  exist,  but  the  reaction  muat  take  place^ 
means  of  which  the  substance  removed  is  agiiin  re[il;n'cd.      If  the 
tioii  tbiia  fi-rnied  is  also  withdrawn,  the  same  process  goc»  on 
and  ill  this  way  the  reaction  cHrt  lie  carried  so  far  that  ihe  t<it»l  poi 
amount  of  the  product  is  ultimately  juriaiwl. 

On   this  fact  is  based  the  prejxiration  of  hypachloroiis  ai-id  by 
reaction  deMrilmd.     If  dilute  liydrochbric  acid  is  added  to  the  sod9| 
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Ibcrte,  pwrt  of  the  sale  U  convened  into  sodium  chloride  and 
toriMiB  Mid,  while  another  pju-t  reiuains  iindecomposed.  On 
ig  tJi«  mixturu,  the  hypochloi-oiis  acid,  wtich  is  the  most  vola- 
;)m  foiir  siibstunces  present,  passes  over,  and  th(^  amount  of  it  iii 
Joe  is  diminished.  For  this  retiaon  fresh  acid  raiist  he  formed 
Kdu«  ;  \i  this  IB  also  removed  by  dietillation,  all  the  acid  ivliich 
Mmictl  from  the  (juantities  of  .the  substniices  present,  must 
«  ultimateir  formed,  and  be  found  in  the  diatiUale.  And  this 
BiMcer  of  fact,  the  case. 

BTTTing  out  the  experimpnt  it  ig  necosBary  to  proceed  with  care 
add  l«a*  hydrD<.'hloric  acid  than  corresponds  to  the  equation. 
ii  tteeeuarf  to  employ  dilute  acid,  and  to  sv  add  it  that  there 
rhenj  exist  an  excesA  of  hydrochloric  acid-  In  the  present 
JB  is  necessary  be(!ausc  of  the  fact  that  hydrochloric  acid 
I  the  kypochloroiis  acid,  aa  will  be  presently  diaciiesed.  In 
wbert!  &uch  action  is  not  in  be  feared,  these  precautlooH 
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"l^roperties  of  Hypochlorous  Acid.— The  squeoiia  snlution 

idiloroiiE  a^i<J,  nhtjiin^il  in  thie  manner,  ahoi^s  not  only  thu 
prrifiertiea  of  acid^  but  also  some  special  proj>erLii3!§.  which  in 
■ees  mask  the  former.  Th«  si^lution  is  colourless  but  hue  ii 
tmell,  similar  to  that  of  chlorine.  It  nets  as  a  powerful  bleaching 
mrards  or^nic  colouring  matter,  and  its  action  as  a  di^ioiectaut 
L  ponoa  for  sniall  organisms,  is  almost  ec[ual  to  that  of  chlorine. 
I  great  siimilarity  sho»-n  by  the  solution  of  hypochlorous  acid  to 
OHM  roiufum  ('/  dilorivf,  is  due  to  the  fact  that  the  latter  under- 
pwtiAl  transformation  into  hypocbloroua  acid  and  hydrochloric 
bng  to  the  equation 

CL+R,0  =  HQC1  +  HCL 

tion,  also,   does   not    take    place    completely,    Ijiit   only 

to  an   extent  vrhich  is  dependent  on  thi?  concentration 

'lemperatitre.     In  the  reverae  manner,  hyxtrochloric  acid  anil 

and  act  on  one  another  with  lorination  of  chlorine  and 

reaction,  however,  is  also  not  a  complete  one,  and,  there- 

Je  which  has  just  been  given,  that  the  reaction  can  be  made 

completely  in  the  ont?  or  the  other  dii-ection,  hy  romo-vin^ 

■Filling  rc.ictiin  })TOdnc'Ls,  ii-ilj  hdld  .ilso  for  it. 

ft  i}ec«mpositions  of  the  Hypochlorites. — The  most  im- 

lof  tliM  igjecial  properties  of  hypochlorousacid  de|ieiid  on  the  fact 

tm  iiA  nxygea  with  extreme  readioeasi  thereby  passing  into 
Itatl^BOD  whi;  t]ie  de^omiiosttiaTi  ot  eoiUliiii  lij'pocfalorito  uitli  hyrlroctlorii' 
ithaonM  fiut  oir^fully  so  as  to  Hvoid  Imviiis  nl  any  timo  nii  mcHsa  of  the  wiil 
plj  point.     It  thu  care  is  [lot  oliaerved  cliloriae  is  Jornii^l,  irhJcU  on  ilinCilk- 
Iwtm  villi  the  tiypocliloTous  acid  oaA  reodera  tt  Impure. 
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necessary  energy  is  drawn,  almost  without  exception,  from  the  hat 
contained  in  it-  To  this  clikss  belong,  tberefoi-e,  all  (■roceeses  whkh 
take  place  spoDtEtneously  mtb  full  of  tem^ierature.  Exiunples  of  thi$ 
are  not  rare.  A  volatile  liquid  evaporates  spontaneously  with  fall  of 
tenipeniture  into  a  spjtce  which  Is  free  from  It*  vapoura ;  salts  dissolvf 
sfion  tan  sous  ly  in  wn.ler  with  full  of  tumperatiire,  a.nd  many  chemioJ 
proceaees  also  bike  place  spontaneously'  with  fall  of  temporaturp.  All 
these  caaee  are  examples  of  the  fjipt  that  in  spite  of  the  decrease  o-f 
the  free  energy  in  processes  which  take  place  spoiituneously,  the  total 
energy  cau  increase. 

The  question  aa  to  bow  the  free  energy  is  to  be  nteasured  eannol 
be  diseiisseil  here.  It  is  suflfieJent  to  know  that  the  fact  that  a  reaction 
takes  place  spontaneously  ia  a  sign  that  the  free  energy  of  the  syBtem 
is  thereby  diminished. 

If  we  apply  what  haa  here  lieen  aaid  to  the  case  we  were  juat  con- 
sidering, th«  itysteni  chlorine  plus  caufitic  so(3a  will  be  designated  a 
the  form  with  the  ffnrutr-fi  free  energy.  The  aj-steia  produced  from 
this,  sodium  cliloride  plus  sodium  hypoclilonte,  has  less  free  energj', 
and  sodium  cilorido  plus  oxygon  has  the  smaDeet  atnoutit  of  (r« 
energy.  The  following  figure  gives  a  picture  of  the  relations,  the 
values  of  the  free  energy  being  reprflsented  by  the  parpendiculni 
heights :-" 


1NA0H  +  2C1, 


2N(iCl-!-2NftOa  +  2HaO 


1NbC]  +  2H,0  +  0, 


Trom  tlie  appearance  of  thft  figure  it  will  be  seen  why  it  is  thai, 

starting  from  the  highest  step,  the  lowest  is  not  immediately  reathHt, 
but  that  a  halt  ia  first  made  at  the  middle  one.  This  fitrnishes  an 
answer  to  tlie  question  asked  above  (p.  210). 

203.  OMorine  Monoxide. — Hypochlorous  acid  is  not  knoaii  in 
the  pure,  i>.  the  anhydrous,  state.  On  attompting  to  prepare  it,  the 
elements  of  water  leave  the  acid,  and  a  compound  of  chlorine  and 
oxygen  remains  behind.  Thla  componnd  is  no  longer  an  atid,  aince  il_ 
cont^dns  no  hydi'ogcn. 

This  process  takes  place  in  accordance  ivith  the  equation 

2II010  -  HgO  +  CljO. 
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;The  new  subetance  is  called  chlorine  monoxidB,  since  it  PontaiiiB  onr 
eombinirg  weight  of  oxygen.  Since  it  is  oTiLained  from  hypochlorous 
acid  by  loss  of  water,  it  is  also  called  kypoi~iilor'.>its  anhydrkie.  Thie 
nomeiiekture  ia  employed  fairly  generally ;  various  subetamcea  which 
»re  formed  from  other  BubBtancea  by  the  loss  of  the  elements  of  water, 

I  are  called  inthtfdridca  of  theae  subabancea. 

"  This  n:ime  was  introduced  on  the  sujiposition  that  in  the 
CRlginal  BubetawctB  not  merely  the  elements  of  water  are  contained  but 
also  "ready  formed"  water,  and  this  conjecture  arose  because  some 
eabstailces  gave  oti"  wat*r  with  exceeding  readiness  and  rajfidity.  But  a 
deeper  knowledge  of  the  facts  hiis  aliown  that  there  exists  a  contintious 
transition  from  th»se  which  readily  give  off  water  to  those  ftotn  whiuh 
water  can  be  obtained  only  by  especially  powerful  reactiona.  It  is, 
therefore,  more  scientific  to  in  no  caBe  asBumo  the  presence  of  pre- 
formed water,  eEp04:ially  as  no  definite  meaning  can  be  attached  to  such 
a  sappGAition. 

Chlorine  monoxide  b  obtained  most  readily  by  carrying  out  the 
reaction  leading  to  the  formation  of  a  aiUt  of  hypochlorona  acid 
(p.  209),  wttli  an  oxide  from  which  the  salt  ia  not  formed.  For  this 
purpose  ')xide  of  mfreiiry  is  the  best.  \Vlien  a  current  of  dry 
chlorine  is  piiSBed  over  mercuric  oxide,^  the  following  reaction  takes 
pl^ice ; — 

HgO  +  2Clj=HgClj  +  aO. 

In  this  equation  Hg  ie  the  symbol  fwr  mercury  ;  its  oxide  is  com- 
posed of  equal  combining  weights  of  mercury  and  oxygen.  The 
chlorine  compound  of  mercury,  or  mercuric  chloride,  remains  behind  as 
a  solid  substance,  atid  the  chloriw-  itmtinHde,  which  is  gaaeoua  at  room 
temperature,  esicapes  and  can  be  collected. 

Chlorine  monoxide  Ja  a  yellow-hrown  gaa  with  a  strong,  unpleasant 
emell,  which  can  be  condensed  to  a  liquid  at  5 '.  It  dissolves  in  water, 
pawing  slowly  into  hj-pochlorous  acid.  In  the  gaseous  and  still  more 
m  the  liquid  state,  it  is  very  unstable  and  readily  decomposes  with 
explosion,  forming  oxygen  and  chlorine.  Theee  explosive  properties 
find  an  evplanation  in  the  fact  that  heat  ia  liberated  by  the  decom- 
poaition  (p.  KjS).  The  gaa  aisA  dcconipoacs  into  its  elements  under  the 
influence  of  lif^ht,  but  generally  withuiit  explosion. 

2l>4.  OMoratCfl.^The  steps  in  the  transformation  of  chlorine  and 
caustic  soda  described  on  p.  212  are  not  the  only  possible  ones,  for 
there  are  still  two  others  which  lie  between  the  middle  and  the 
lowest.     The  solution  of  NslC]  +  NnOCl,  which  is  obtained  by  passing 

1   lb  »TJer  tliut  Lhe  reacttnii  iiiny  takd  \\\ae,i>  salii.itijAfTi\y.  t1ie  mvTcum  o:cidi-  required 
fnr  UiL*  eirperimont  mast  he  nr  a  Hp»-i?inl  nature.      If  too  finely  rliTliiol,  tba  tMi'tiou  sum 
too  f|ilickly  *nii  an  explosinn  niny  ntciir  ;  it  il  is  too  conrse.  tUe-  renotion.  ■will  be  too 
iln-nr  onil  Vae  giui  vrCll  I>a  contAiiiLiiate<l  nitli  cbloiiiie.     A  suIUiMk  iixlili;  Is  o'llniaed 
prtitly  healing  the  oiide  pr^iiar^ii  l>y  precipitating  mirrc-urii:  iililnride  wUh  fnii.-tie  soda 
wjiiecius  aolilti(>D. 
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chlorine  iiilo   u.  snluLiou  of  cavistii:  soda,  undergoes  a  cliRnge   lol 
fffoperties  on  being  kept   some  time.      This  change  ISlUhs  place 
iiuickly  in  the  heat  and  when  a  alight  excess  of  chlorine  is  preaei 
the  eolutiojj.     Its  bleaching;  power  and  its  sniel!  gracfualiy  disaf 
and  after  some  time  it  contains  no  more  hypochlorite,  for  it  e^ 
no  chlorine  on  "being  treated  with  dilute  hydrochloric  acid  in  the 

If  the  solution  is  now  evaiiomtt^d,  two  salts  are  obtained- 
chloride  and  luiother  salt  whieh,  lik(j  sodium  hypochlorite,  also 
tiiins  oKj'gen.      It  is  shown,  however,  by  analysis,  to  have  a  comj 
tion  which  is  e-vpreaaed  by  the  formula  NaCIO^,  and  is  callod 
iMo-rale.      Ifc  la,  therefore,  the  sodium  aalt  of  n  new  anion,  rJilvran 
CIO'j.     This  ion  is  also  not  precipitated  by  silver  salts;  almoat  all  I 
diilta  which  it  forms  are  readily  soluble.      The  reactions  whicb 
plnce  are,  therefore,  represented  by  the  erpiiitiuna 

2NaOH  +  Cl^  =  NaCl  +  NaOCI  +  U^O, 

.■iN&OCl  =  2NaCl  +  NaClO.,, 

or,  omitting  the  intermediate  stage, 

6NaOH  -r  SClg  =  5NaCI  +  NaClOa  -t  SH.O. 

•Since  eodium  chlorate  is  a.  very  soluile  snlt,  and  can  be  aepst 

only  with  difficulty  from  the  simultaneously  formed  sodium  chlo 
it  ia  better  to    prepare  the  correapondixig  [•otamum  salt  by 
chlorine  into  a  solution  of  potjvssiuiu  hydroxide,     t^l^cfl  pntassiim 
all  its  chemical   relations  exhibits  an  extieedingly  great  siniiUn't^ 
sodiiim^  the  reactions  which  take  plaeo  are  of  exactly  the  same 
as  those  described,  ftnd  need  not  be  again  explained.     I'otussiuvt  chl 
along  with  potassium  chloride,  is  obtained  as  the  pi-othict  of  the] 
action ;  mid  ^iikec  the  former  salt  is  much  less  soluble  than  the  la 
in  the  cold,  it  stiJiu-atca  out  on  allowing  the  solution,  obtaiiitid  by| 
action  of  chlorine  on  potassium  hydroxide,  to  cooL 

The  salt  thus  obtained  is  already  well  known  ;  it  iB  the  salt 
for    the   prtpn-ration    of    oxygen    in    the    htboratory    (p.    tiS), 
potassium  chloride  formed  at  the  same  time  ia  a  salt  very  gii 
sodium  chloride. 

From    what  was   previously    stated,  it   is   known   that   pot 
chloi-nte,    on    lieing   heated,   decomposes   into   oxygen   and   pot 
chloride,  ihi;  arinie  behaviour  being  likewise  shown  Ity  sodium  chio 
The  dccompoBition  takes,  jilacc  uccorclinf(  to  the  equation 

:3KC10;(=2KCl  +  302, 

where  K  ia  the  symbol  for  pi>tJi8aium. 

As  cjin  be  seen,  thiR  is  the  last  step  in  the  action  of  chlorine 
hydroxides,  and   to   the  three  steps  given  on  p.   212   there  musG 
added  a  fourth,  between  the  hypochlorite  and  the  lowest.     Wi- 
noon  Eoe  that  even  a  fifth  step  must  be  inserted. 
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III  i-onformitj-  with  (he  smiiUor  fall   bctwetii  the  L-hlorate  and  the 
u.«]ie,  the  ]a£t  tnmsfnrnuitioii  does  not,  proceed  so  roritiily  and 
11/  M  tluit  of  chlurine  iiito  hy |»ochloi'iti.',  and  of  the  laUer  into 
Al  opiiitittry  temperatHr<>s,  the  clilorates  avc  practiciillj"  quilu 
■od  only  at  cnnipiu-atj vely  higli  teniperalures  does  the  reactiaii 
so  rapid  that  it  am  W  observed.      That  the  rtiictifm  can  !« 
tbfvugli  [.he  iiiHueiice  of  catalytic  agents,  has  already  been 
tiooetl  (|k  fiSj ;   l»B&ides  the  siibalarn/e  then  mentioned,  pyrohisite, 
■  ol  UTK)  fa  a  very  cll'ective  nGcelerator  of  the  decoiuposition. 

306.  Preparation  of  Chloric  Acid. ^Chloric  add  cannot  be 

Mntjr  obt&incd  ir\Mii  poLii.8siiim  or  i^odiiim  cldomtc.     The  ai]  neon  a 
td   tha  Ball,   it   is  trim,   undergoes  purliid   decomposition  by 
acids,  in  aecurdani-L-  with  the  geiicrnl  rule  (p.  '20S);  but  lis  the 
3«]   cannot  ho  distilled,  tbt^  separation  cannot  be  carried  out 
llbo  cune  vmy  as  iii  the  case  of  hypochlorous  acid.     Recuurae  has, 
lo  b*  had  to  another  method. 
If  ve  cousidtir  the  eqiuatioti 

MA  +  HB  =  MB  +  HA 


*«a  p.  208,  we  see  that  the  demred  acid  can  be  pre(>ared  not 
bjr  ivTOoring  it  from  the  sphere  of  the  reaction,  but  also  by 
iy  nSDQting  the  salt  MB.     As  a  rate,  certainly,  the  salts  arc 
^.wltfiff.  BO  that  the  m-ethod  of  distillation  used  for  removing  th« 
be  employed.     On  the  otlier  lifind.  however,  m:iTiy  ^jalta 
ir,    and    by    tboir    precipitation    the    reaction    Is    madv  :i8 
'  u  Ky  the  n'ttiovitl  nf  the  acjds. 
lofBnT  tbis  idea  into  practice,  the  ions  M  and  B  have  only  to  Im 
■o  tlisl  they  together  give  an  insoluble  salt  ;  ihflt  is  to  «rj,  u 
ftbc  desin'd  acid  liaa  to  be  prepiired  which  yields  an  insoluble  salt 
ncid,  and  wil]i  llie  acid  the  fult  has  to  be  decomposed. 
r,  w«  alreaiJy  know  a  metal  which  gives  an  insoluble  3alt  with 
acid,  via.   silver.       Silver  chloride  la  so  v&ry  i5pnririgly 
lint  r\'cii  very  dilute  liolutioits  of  chlorides  and  silver  salts 
precipitate  (p.   191).      In   the  general  ei^imtion.  therefore,  M 
[W  repWed  by  silver  and  B  by  chlorine.      If  silver  chlorate  be 
aad   be  decompo^e^l  with   liydri^chlorie  acid,  silver  chloride 
rie  acid  Are  formed  acconlitig  to  the  cijUatiun 

AgClOj  +  HCl  -  IICIO,  +  AgCl. 

t^AiA  Ag  in  thfi  Bymbol  for  silver. 
Biv  efaloratfr  can  bo  obtained   in   the  Hune  way  as   aodiiim  or 
■urn  cUuraie.  by  the  action  of  chlorine  on  silver  hydroxide. 
Tkt  ant  principle  can  be  carriwl  out  in  various  other  ways,  since 
iiualuble   lalt  gives  a  possible  combinatJun.       Indeed,  for  Vhfi 
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ncLual  pr>cpii ratio n  of  chloric  a«id,  other  substances  are  mostly  emplftyeil, 
espeL-ially  hcirium  ckloivlrf  and  suljihiiric  acid.  With  theae  the  same 
result  is  obtained,  since  liarium  Biilphate  is  ulso  a.  very  difficultly 
Bolulile  Bsit, 

In  employing  thie  melhoii  of  preparatiiiii,  Lho  amounts  of  the 
reiictiiig  auhstjinccB  must  be  determined  exactly,  ao  that  neither  the 
ooG  nor  the  other  ahEill  he  in  exciBsa  nnd  ciontiLminiitu  the  chloric  nctd 
which  remaine  behind.  In  the  mL'thod  itself,  however,  ia  contained  & 
security  against  thts,  for  the  one  eitbaUnce  must  he  added  to  the 
Bolution  of  the  other  oigly  so  long  as  a  preci]jita.te  le  formed  The 
clear  li<]iiid  is  tested  with  a  sraall  ipiantity  of  the  first  substance  lo  see 
if  Hn  e^te??  of  tbi.'  eecotid  hn-5  not  been  added,  and  one  continue* 
testing  with  the  two  sulistances  alternately  until  a  sample  of  th^^ 
Bolution  gives  no  precipitate  either  ivith  tbe  one  or  with  the  other.    ^M 

*  It  mtiBt  not  be  thought  that  in  this  way  an  "abeolutt'ly  "  pui^ 
solution  is  obtained.     This  would  be  the  caso  only  if  the  precipitate 
were  absolutely  insnlublo,  which,  however,  is  never  the  case.      \Vhe(i. 
however,  the  solubility  of  the  precipitate  is  known  from  other  me-xsurt- 
meutfl,  the  anioinit  of  impurity  still  present  can  be  calculated. 

The  solution  of  chloric  acid  thus  obtained,  is  a  strongly  acid, 
colourless  liquid,  which,  althougli  fairly  stable  in  dilute  sclutivn. 
slowly  decomposes  into  oxygen  and  hydroehlorie  acid.  The  latter 
ETibaUnce  acts  in  turn  on  the  remaining  chloric  acid  with  foruia-tion  n[ 
chlorine  and  water,  so  that  oxygen  and  chlorine  Hve  finally  ohtaini 
Expressed  in  equations,  wc  have 

2HC103  =  2HCl  +  30., 
and  5HCI  +  HCIO3  =  SHgO  +  SCfj, 

or,  combined  together, 

4HC10„  =  aHjO  +  SClj  +  50^. 

The   decomposition    ttikea  place  all    the  more   rapidly  tha    mon* 
concentrated   the   ftolution   becomes  and   the  higher  the   temperature 
rises.      By  reason  of  the  largo  quantities  of  oxygen  which  are  evoh't 
in  the  dewmpoBition,  chloric  acid  is  a  strong  oxidising  agent. 

Chloric  acid  as  such  finils  no  application,  but  the  chlorates  art 
lai^ely  used,  Fuller  information  with  regard  to  thi^  wiU  be  ^veu 
imder  the  ri?spectiv*  met;ils. 

206-  Solubility  of  Salts. — in  order  to  successfully  perfortD  the 
above-mentioned  separation  of  two  salts  by  crvBtallisntion,  on  tlip 
basis  of  difference  of  solubility,  a  knowledge  of  the  general  laws  to 
which  the  solutions  of  solid  substances  are  subject,  is  necessary.  The 
most  important  of  these  are  the  following. 

When  a  solid  substance  dissolves  in  a  liquid,  there  la  for  eiach 
tempGi-ature  a  definite  I'ohibi/ilr/y  i.t:  a  definite  ratio  between  the 
■-■-lints  of  the  diaaolved  substance  and  of  the  solvent.     This  rftUq 
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be  expressed  in  two  ways:   either  by  teliing  the  toUl  anirtiiiit  of 

Kiliitioit  or  only  tbe  aoioiint  of  th«  solvent,  as  unit,  ur  jiutLiiig  it 

to    £00.      The   former  metLod  of  calcuUtioii  is  the  one  most 

(or  BcientiGc  purposes,  but  the  Intter  ts  ainmst  entirely  iieed, 

m   dull    retain   il    here.       The    sohibilit;i    will,    accordingly,    be 

ented  hv  the  amount  of  solid  aubstanee  whieb  can  disBolve  in 

I  |hkrt(>  i)i  ttie  solvent. 

If  ImBof  cfae  solid  subsULiice  isl>ro<ught  into  coutui'l  Avttli  the  Ui|idd 
.  MffTCSpQiids  to  the  soLubility,  it  oil  dissolves  anti  the  solulion  is 
rniuaturiiSfi,  beciiisei  it  can  still  tako  up  further  quniitities  of  the 
1  aahiUnw.  U  more  of  the  solid  aubstAnce  is  added,  an  amount 
I  corre^Niiidin^  to  the  solubility,  and  the  excosE  remains  luidia- 
The  ftoblbiiity  is  quite  independent  of  thfi  &mauijt  of  this 
and  the  same  coticeniration  is  therefore  found,  whether  the 
is  in  coDt&til  with  much  or  yn\h  tittl'e  of  the  solid  substance. 
Ae  Bulubitity  is  therefore  a^n  expression  of  the  equilibrium  between 
IMiBd  ud  the  liquid  portion,  ji^t  as,  for  example,  the  melting  point 
innglo  HnTjstance  is  an  expression  of  the  equilibrium  between  the 
liod  tie  liquid  form.  In  both  cases,  tho  equilil>Hiirri  i^  indcpond- 
I  tt  tlte  relative  and  absolute  amounts  of  the  participating  phases. 
litttmtnt  ttpplm  qniU-  iiniiyermUii  to  tU  eqaUiiTia  ktuvmn  different 

*  When  the  solid  substance  is  not  presenl,  one  of  the  factors  of 

I  tqnilibriutn  is  wanting,  and  there  is  no  ciiise  present  to  pi-escribe 

■■I mcentnfction.      From  this  it  follows  th.it  ^  solution  ajouf 

j;ive  a  definite  concentration.     In   the  case  of   itntiUnraii-d. 

XiOB  require  no  further  explanation;  ua  Bmall  qimiltitiee  of 

ttJoA  mlwtance  as  we  please  can  be  dissolved  in  a  given  quantity 

Ithf  liqnii).     The  theorem,  however,  must  also  apply  to  more  eoncen- 

eolutions.  i.f.  there  can  be  solutions,  which  contain  more  of  the 

nlMtaure  than  corresponds  to  the  condition  of  equilibrtimi  in 

I  of  tlie  solid  form. 

PAb  a>  matter  of  f»cL,  such  solutions  can  lie  pi«pared  in  various 

If  tlte  solid  substance  is  not  preBeiit^  they  are,  within  certJMu 

,  jnt  M  stable  as  the  unsaturated  aoluiious ;  in  contact  with  the 

bowevcp,    they   behave    in    the   opposite    way   to    theee. 

the    unsaturated    solutions  dissolve   the    solid    form,   there 

from   the    supcraatiirakd    solutions,   m   they   arc   called,    so 

the  solid   suljstance  thttt  the  condition  of  saturation  is  again 

tA. 

Inflnence    at   Temperature    and   Pressure   ov    the 

f. —  If   the   temperauu'G  ciiaiiges,  the  solubility  in   genciral 

ifauigM.       In   the  case  of  most  solid  substances,  the  ^lubility 

fea  the  ttfmperature  rieee;  in  the  case  of  some,  hovr^^ver,  it 

The  change  of  solubility  with  the  tenjperalure  is  usually 

hf  a  curve,  the  temperatures  being  uicasured  tovrarda  lt» 
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procedure   is   known   hb  TvcriititeUimtion..     Of   the  substances   givi 
Fig.  15y  potaiiaium  ctlorate  caii  he  recrysliillieeil   very  well  fromj 
Bolutinixs,  since  the  difference  of  Boliiljitity  at  differeni  t-emperal 
is  very  great.     The  method  ia   lass  suitable  for  potassium 
and    not   at  all  Ruititble   far  B«diiim   chloride.     For   lh&   pt 
recryatalliaing   these   auhstancea  other  means   must  be   employe 
which  the  solid  substance  is  caused  to  separate  out. 

*   These  differeiicea  of  bfhavioui"  can  he  made  clear  hy  .in  ea 
luttnt.     If  potassium  chlorate  be  added  to  bailing  wat«r  as  long  ae : 
diasoh-ed,  ao  much  of  the  salt  is  deposited  on  cooling  that  the  luj 
forms  a-  firm  paste.      From  a  eolution  of  iKitasainm  chloride  satur 
in  the  bes't,  a  much  smaller  amount  of  crystals  is  dapositcd,  tuid 
the  solution  of  soilitim  chloride,  practically  none. 

Solutions    may    be    made    to   crystallise   not   only   by   chaaj 
tecoperatiire  but  also  by  diminJehiug  the  amount  of  solvent.     Inf 
ea.so  of  Volatile  liquide  thia  is  beet  effected  by  i"iijnrrcii'"ii,     Thi 
example,   by  evaporating  the  water  of  the  naturally  occurring 
tions  of  common  ealt,  the  suit  sprhfjs,  the  aalt  contained  in  the 
obtained  in  iha  crystalline  condition.     This  method  of  crii-tfallu 
by  ei<<rpi>nili-/n   is   used   almoat  moi'e  frequently   than    the   motfc 
crystallisation  by  coolin<^. 

210.  Behaviour    of    Mixed    Salts.  —  Regularities     aimiUr 
those  just  set  forth  obtjiin  in  the  cise  where  several  salts,  or,  gene 
soverEil  solid  suhsutices,  are  present  at  the  sfiiiie  time.     In 
also   there  corresponds   to   each  temperature  a  definite   condtli 
saturation  which  is  independent  of  the  rolftMciii  bctwoftn  the  anw 
of  the  rlifferent  phases.      When  several  salts  are  preaent  the  siolul 
of  ejich   3ingl«   salt,  certainly,   is  no  longer  the  same  ua  when 
preaaiit  alone,  but  they  exercise  a  mutual  influence  on  one  anoti 
Thia,  however,  ati'ects  only  the   numeiip-n.l  values  and  not  the 
relations. 

If,  now,  the  point  of  saturation  of  a  raised  solution  is  axcfl 
this  does  not,  in  general,  occur  at  the  Hnnie  time  for  both 
the  sohition  which   is  BUpBrsnturatcd  for  iho  one  is  still  unsatu 
with    respect   to    the    other.      For    this     rejison    only    the 
substunce  separates  out  fFom  the  solution,  and  its  separation  Jtl 
other  ia  thiia  effected. 

For  example,  on  evaporating  n  Boliilion  of  any  mixture  o£»\ 
only  thiit  Bidfc  ivill,  in   the  first  inatitnce.  separate  out  whose  poii 
saturation  ia  first  reached.     Oti  wtthdmwing  the  crystals  whicl; 
depositpd  from  the  ffolution,  the  substance  ia  obtained  in  the  pure  Et 
Only  when  the  point  of  saturation  of  the  other  substances  is  ri'.«li«* 
do  these  sejKirato  out  along  with  the  first,  and  misltires  lire  oblainei- 

In  such  e/kses  tho  separation  can  geneniSly  Ije  carried  further  bj 
making  use  of  the  ditTerent  vHriation  of  the  solubilities  with  tltj 
temperature.      For   example,  if  a  solution  of  fjotassium  chloride 
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w  U>  fay,  when  lijpocliloroiis  iicid   decoiu post- s  into  liydi-otlilorK 
and  oxvgvti,  3y  f.'j  nrn  liuvoloped.      'Whan,  therefore,  ty|H)eii lornns 
arts  aa  ma  oxKlUitig  Agunt,  the   heiit  -which  is  thereby  ilevelupcd 
lor  each    t^jmbiutng  iVL-iglit  of  oxygen,   greater  by    39  Ay  thnn   if 
asidaltoD  took  pbee  with  free  oxygen.     This  witmld  siiggust  tluit 
irouE  wid.  fjiiite  apuri  fn^ni   its  grya,ler   velocity   of  reuction, 
he  a  slroiig«r  (fxii'Iising  jigeiit  ihaii  free  oxygen,  and   that   it 
lie  capKbte  nf  oxidising  substani^es  nut  oxldi«e<l  liy  this. 
makes  ub  return  to  tho  point  mentioned  i>ri  p.  'J\0.     ijitice  the 
ition  of  hyjHH'liloroiis  atid  into  oxygen  and  hydrochloric  tmid 
with  f.vDsidi'rablo  diminutioTi  of  the  fruo  ent-ryy,  it  utin  be 
ih*:  piirfHjse  of  |i!*]jaring  oxides  which  cutild  li*  fonimd   from 
oiily  with   iiioreuse  of  the  fro;  eiicr^'y,  and  whit^h,  therefore, 
ijtn-cliy  fonnwd  from  it.      Since  the  tiikiiig  up  of  oxygen  from 
'li]t>roit»  acid  by  the  substances  in  ijuestlnn  neces^tarily  bikes 
TtxnLMJiialy  with  the  decomposition  of  the  iitid,  we  hiivc  here 
ii'ig"  whifh  has  VieCn  ■i;liaract«ri8e<l  as  n  pft supposed  COndi- 
1:1  i:-ing  the  fr"i«  ciiergj'  of  one  process  to  rundmr  itnother  process 
Hn  iy_  2(J»).     Thus,  for  example,  dilute  hydrftchloHc  aoid  can  he 
ii-<r*l  10  i;h|c.n-ine  and  wHter  hy  ninms  of  Itypochlorous  Jirid 
j.nxvs*  which  is  not  possible  with  free  o^iyj-ci*,  l>ecnuse  the 
BW  fortuntion  (jf  free  oxvgen  from  chiorine  aiul  wuter  takes  place 

t^  hcftt  of  foi'tnution  uf  rJiioric  acid   is  given   by  the  folluvi'ing 

H.*C],  .30j  +  aq.  =  2HCiOg«.i. -f  2  :.  100  y. 
■  aClj  "  aOj  -  aq.  =  4H('IOa  ^'\-  -  -1  ■  *3  *>- 

n  this  we  ohuiin  tht<  hisat  evolved  in  oxidiitioii  by  nienns  of  chlorii: 

HCIO,  at|.  =  Hf  1  a-j.  -  3(1  +  G4  kj. 

■•Ma  hmt  evolution,  therefore,  of  2L  ^^for  each  combining  weight 
vygen.      Thin  nnndwr  is  (.'onsidernbly  smidlor  than  in  the  crise  of 

fypcUoroue  add,  which  ie  in  ngreGmcnt  with  the  eioailer  oxiUieiiig 

Vnr  vA  chlorir  and 
For  fKTcJJorii'.  lictd,  the  corrt;G ponding  equaitioiis  are  : — 

2CI,  -  f  Oj  T  a.1-  =  4HC10^  iiq.  +  4  >  lA  Ij 
UL'IO,  aq-  =  HCI  lU).  -  4(J  -  3  hf. 

b  all  three  4?<|imtiotia  the  greater  BttLhility  iind  fL'i!)i]er  oxidteitig 
lOkia  of  pLTchlorit  acid  finds  exprcssint], 

'  ?I3.  The  Combining  Weight  of  Chlorine. — For  tho  purpose 

<"i  dttnmjniiig  the  combining  weight  of  chlorine  with  sutlicient  exai-t- 
awmewhat  indirect  method  baa  been   found  necessary.      Firat, 

Q 
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"putaasiuin  chlorate  wiis  cotivert«t,  by  heittlng,  into  jTOtaesium  chlof 
»nd  oxygen.     Ciikulating,  in  accordance  with  the  eqimtinn 

KClOa  =  KCl  +  30, 

Imw  much  potaaahim  chloride  is  combined  with  3  <  Ifi  -  4S  part*] 
weight  of  oxygen,  the  number  obt-airiud  reprcsenLs  thci  combining  we^ 
of  |X)tflssiuiii  chloride  referred  to  oxj'gL'ii  fL|iiH!  to  1 G.     Since,  now,  en 
gram  of  [lotassinm  chlorate  on  ignition  leavts  a  residue  o£  0'60S5 
losing,  therefore,  0';59I5  gni-  oxygen,  we  have  the  proportitn 

KCl  :4M-  U'(iOH5;0-;illl5, 

which   gives   for   the    combining   weight   of   putassiimi   i-hlori'lo, 
=  74-51)- 

Xext,    it    was    (letenninied    bow    mncli    silver    chloride    euulJ 
f)l>tiiined  from  h  givon  fimonnt  of  potasainni  (.■hloride.     Sirjre  one  ca 
Miiing  weight  of  chlorine  is  coiituineil  in  each  salt,  the   ratio  of 
weights  in  which  the  one  i&  formed  from  tbe  otiief  ia  also  c(|Uftl  tO'l 
i-iitio  of  their  eoniliiniiig  weights.      It  wae  found  that  rrom  ejich  gr 
poUssiiini  chloride,  r92:J4  gni.  eilTer  chloride  vms  olitainicil,      Hcn( 

AgCI;74'59=  ]^]-J'^i  A. 

Ironi  which  wc  hnti.  AgCl  =  I43-.iy. 

Lastly,  n  weighed  qimutitv  of  silver  was  converted,  into  ali 
chlurtde.  Eiich  j;riini  of  silver  yielded  thereby  r3284  pni.  sfll 
chloride-,  diking  up,  thorpfore,  ii-S'>S4  gin,  chlorine.  C'-atrHhitin>; 
the  niii  of  this  rehitinn  how  nnich  chlorinii  ia  conUiiiied  in  one 
billing  M'oight  of  silver  chloride,  tht.'  combining  weight  of  chloriiicl 
found  from  the  projiortiijn 

CI;  I +3-38  =  0'32f*4:  1-3284 

to  be,  Ol  -  'do'ib. 

From   the&e  determinationB,  we  can  further  obuiin  the  eombiniq 
weights  of  silver  and  politssium.     Subtmeliii};  the  combining  wcig 
tii  chlorine  from  the  combining  weight  of  silver  chioride  which 
foimd  e<|Uid  to  i4-S'-Ul,  there  folLowa,  Ag  ==  H)7",>4.     A  siiaihtr  calc 
tion    in    the   ciiac  nf   potussium   chloridu  yields   K  =  KCl  -  CI  =  74i 
■  35-l.^  -=  3!)-]4. 

The  reitsnii  that  siiirh  an  indirect  niuthod  hus  been  eniploywi  ioi 
to  the  fnct  that  the  simple  oxygen  compounds  of  chlorine  canti9l,i 
account  of  their  itiLsUihle   nature,   be    ]trei«red  siiHieiently    ]nn-e 
a[»a.lysftd  with  Buflietent  exactness.    The  tciitiBfortnfilionfi  above  descrifc 
however,  can  be  pofurmeil  with  v>:ry  grejit  exattne-ss,  and  thi:*  is 
determining  reason  for  preferring  the  indirect  to  the  direct  method 
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Boltb,  which  woB  indicated  oa  p.  212,  muat,  ia  accotdanc^  with  what 
bas  Ueen  saiil,  be  eompleted  m  I'ollovs  : — 


goiiiOH- 1901, 


ISXaOGI-MUIaU 


4»aciUi-t-ias&Gi 


I  ■NitCTO.-t.nSi.fl 


MVaCI-'^l, 


For  tilts  *ike  of  shortriesa,  the  ISH^O,  pnitUicecl  in  the  passiige  to 
«  frenonil  stage,  have  been  omitted,  ainee  they  tftkc  ni>  further  paft 
the  Iniiisforiuntions. 

313.  Other  Oxygen  Compounds  of  Chlorine. — The  Bubstanc«j) 
liiherto  (lescriVied  do  not  exhuiist  the  |jo.ssit)ie  number  M  compounds 
if  ffhioriiip  with  hydrogen  and  oxyjien,  althonyh  tht!  siihstaneea  still 
inj  irfjiteJ  art  of  inferior  impartancu  to  thmt-  ftlrecirjy  mentioned. 
If  ft  chlorate  ia  decomposed  with  Ji  strong  aeid,  f.y.  snljihiirie  acid, 
ebloric  Acid  is  first  formed,  in  accordance  with  thfi  general  schentc. 
this  KuliHlanee  is,  however,  not  stable  in  the  anhydrous  condition, 
nd  iniuR'd lately  undergoes)  decompoaitioti,  iti  ^ccflrdance  with  thi- 
Bq  tuition 

4HC10^=2HjO+4a03^Ua. 

li  other  worda,  water  is  formed  from  the  eompoiionls  of  ihit  acid,  this 
jfiiog  noceseary  for  the  proJiicliiid  of  the  (more  atahle)  ion  of  chlorir 

*" 'Tbe  compourid  ClOj,  formed  M  th*  same  limt.  bears  the  natne  of 
dii"njw  ilii'.aife  or  chlori.iw  pentritU,  and  appears  as  a  yellow-brown  gas 
which  can  l>e  condenseil  to  a  similarly  coloured  li(|uid  at  a  tmmpera- 
tuiv  under  1C»  .  Both  gaa  and  liquid  are  extreiiiely  explosive.  Thi;; 
cm  l>«  hhown  by  plwcing  On  tho  bottom  of  .i  w-ide-mouthcd  bottle  of 
2  to  3  litres  capai'ity,  a  small  djah  containing  some  potassium  cblornte 
ant)  allowing  a  few  drop&  of  concentrated  sniphurie  acid  to  fall  on 
ibis.  The  yellow  jpis  is  evolved  with  a  pt-cidiar  crackling  soinid  d«U' 
lo  small  liJrploeiona.  If  a  w^rm  metal  rod,  ihe  tLiroperattire  of  w-hich 
BU  be  miieh  below  that  of  the  visible  red-heat,  l»e  introiliiccd  some 
Bomenti;  later  into  the  gan,  thin  decompoBcs  with  loud  detonation  into 
;blorinc  and  t.xygen. 

Chlorine  peroxidfe  is  not   the  anhydride  of  any  definite  acid,  hut, 
wlien  brought  in  contact  with  caUHtic  srxJa,- yields  sodium  chlorate  and 


I 
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after  5  to  10  minutes.     TLJs  appears  remarkiiljle,  since  the  differen 
of   deneitj  as  iCVTti()i»r*il   witli   hy<lrwgi;n   is   luiieb   grcHtcr    tli^ui 
compared  with  nii;  jujiI,  therefore,  the  work  to  Imj  pprformei]  ajjuii 
gravity   is   jtiso   groiiter.     That,    neverthcliiss,    bvomiuo   vapour 
hydrogen  mix  more  quickly  is  due  to  the  fact  ihut  iHjf'its-ioii  jin 
more  rapiiUy  in  bydrogtm  becftuse,  in  Xh\s  ciwe,  the  icutual  frictk 
the  gjises  is  less.     The  velocity  of  dili'usiuii   obeys,  to   somi-  ej 
though  liy  ii(*  means  exactly,  the  ssime  Itiw  lis  the  velotiCy  y(  cffu 
(j).  liS),  and  is,  ill  the  case  of  hyilro^eu,   about  four  times  as 
as  in  air. 

From  determinations  of  the  density  of  bromine  vapom',  its 
weight  has  hotn  found  In  he  ICO,  or  five  tirnoa  as  great  as 
uxyyen.  Bromine  vajiwii'  is,  therefore,  0'5  times  aa  heaA-y  ta\ 
S4in<;e  the  eombiiung  weight  hiia  been  found  to  be  half  ivr  ^ejit 
oxafl  li^ui'e  buiag  Tfl'lIC),  the  tomposition  of  bromine  vapour  is 
sented  by  the  fonnuia  Br...  At  very  hiyh  temperatures,  the 
weight  beconiea  anmewh«il  \fas.  Since  similar  relations  are  found! 
have  Ijeen  more  fully  investigated  i»  the  ease  of  iodine,  we  shall  di» 
this  phcnomerton  at  that  point. 

Bromine  dissolves  in  water,  forming  a  yellow  to  hrfiwii  colon 
liquid,  which  possesses  the  amell  of  bromine  and  cjui  lie  usud  in 
of  pure  bmmiiiG  when  only  a  sonill  qnnnlity  of  the  snlistuuo 
required.  The  solution,  aiitunited  at  room  temperature,  cout 
about  3  per  cent  of  bromine.  If  the  water  eontains  saline 
jiounda  of  bromine  in  solntion,  more  hroniiiiv':  is  dissolved,  re 
(ieeom]ioaable  eumpouiiJs  of  hroniinu  beinji;  formed  which,  in 
of  their  relations,  behave  like  free  bromine.  These  relations, 
will  be  diaeussud  more  fully  under  iodine. 

From    the    aqneoua   snlutiou    of  br^iniine   (bromine   water) 
separatea  out,  on  cooling,  a  solid  hydrate  whieh  behaves  quite  simil 
to  chlorine  hydrate  (p.  173). 

217.  Hydroffen  Bromide. — ^Vith  hydrogen,  hrominc  for 
compouml,    lllJc,   wSiich   in   very  similar   to    hydrogen  chloride, 
peaotion  between  the  elements,  howe\er,  is  not  nearly  so  \'igor 
in  tl»c  case  of  chlorine.      If  bromine  vapour  be  mixed  with  hydr 
no  sudden  rearlion  takes  place  either  on  passing  an  electric  spark 
Qxpositig  the  mixture  to  sunlight ;  only  a  partial  combination  of^ 
gases  occurs.     The  reaction  can  be  accelerated  by  employing  caliJl 
agents,  and   for  this   piiqiose,   pUlinnin  And  the  tueUls  like   it 
been  found  to  be  specially  actiyc.     If  a  suitable  mixliu-e  of  hydrc 
and  brotnitic  vajiour  bo  piia.'^cd  throngh  a  gently  heated  ti]lvo  fillod ' 
finely  divided  platinum,  the  ittsnint;  jj^asen  contain   large  qiiarititie 
hydi-ogon  bromide,  and,  by  auitabl*  arrangement^  the  reaetioii  ia 
cally  complete. 

Hydrogen   bromidf   ia   obtained  more    easily,    and   in   a   m 
more  finil'e4l  for  experimenla!    purposes,   by  the   ainudtannous 


BROMl 


ii'it 


Km  rn. 


liiia  juhI  phiMphonH  on  w-:itcr.  The  cheinicnl  reaelion  which 
||jp>  pUoo  (;imri<>L  be  completely  explnincd  till  we  come  lo 
^■a;  ntficc  it  to  iiidiciite  thut  a  piutiiion  oi  the  eleTiienls  of 
^poltA.  Thft  oxy^i-ii  tvTiibinOs  with  the  phosphonii^  ami  the 
B  with  lie  InTuniTie.  Bromine  alone  is  not  ablt  to  ilecomjiose 
u  thi«  wrtuUl  [tc  asoooifttcd  with  an  incrcii^c  of  the  fi'ecs  ciii'rgy 

).  If  this  reaction,  however,  l>o  joined  with  aiiothor  in  whii^h  a 
l»l)I«  diminiitioti  of  the  fr*e  energy  occurs,  so  that  over  the  wh«le 

tfaerr  is  n  uliniinution  of  the  frei!  energy,  the  reaction  liecomes 

Th«   ;itixiliary  proco«s   in    this   case   ia  the  comhiiiation   of 

i  with   phcepliorus,  nhicli,  115  we  know  (p.  84),  is  u.bL'onip<inicd 

Uberatioii  of  Urge  (piantitie*!  of  euoryy, 

)  vxpnritDeitt  is  cnrried  out  aa  Mlows.  Red  phosphoiu^  <ilong 
onw  water  in  [iIjummI  in  a  smuH  tiask,  through  iho  cork  of 
pMi  n  (Iropptiig-fuiitiel  t-OTitaining 
«,  aiwl  II  delivery  tnlio  (Fig.  7ti). 
is  Itt  cviinoctud  &  U*tiibe  Hlk^<l 
Mi'i!  rvii  pitoKphoruM  sprtwid 
•    i"'    '-    of    gli*ft#.     The    purfjoei: 

»U  to  convert  any  Imjmine 
rbich  mny  escape  from  the 
into  hydrogen  bromide.  Oii 
thtt  hniimne  to  ijrop  alowly 
Jic  rtuak,  jk  violent  reriction,  sic- 
aicl  by  lliLsheiS  of  lighl,  takes 
KTid  from  tilt'  erii]  of  thv  U-t>ibe  h  eolotirless  gas  esctipes  which 
iletiM)  fumes  in  tin-  jiir  ut»l  is  fihsoiljwl  wnth  exti-enie  readiiiesa 
Ik  It  thus  UuhuvQs  very  siuiiLu'ly  Ui  liydrogt^ii  chloride. 
1^8  ouiiiQt  )te  colloctod  ^ati^fnctoril)'  over  mercury,  ainco  it  is 
iptwvl  t>y  this  metal,  mt'rcury  hroniiili:'  and  hyrlrogen  being 
i;  alill  the  rvAL-tioi]  does  not  proceed  rapidly.  On  aci:uiuit  of 
nt  dtfiisity  it  can  Iw  collected,  likts  chlorine,  by  displaeeiiieiit  «t 
t.  \n  this*  case  the  fippearaiico  of  a  tbifk  mist  at  the  mouth  is 
pi  tluil  the  veasel  i»  full, 

it  molar  weight  of  h3*drogon  bromide  is  Bl,  corresponding  U') 
SOOuIa  HBt.  The  ^m  shows  noliccuble  dei'iations  from  the 
ft  hire. 

r|m«siire  and  cold.  hydro<;eti  bromide  can  be  coiiverterl  into  11 
whicli   boils  at   -   "H°,  iuv\,  like  liquid   hydrogoii   chloride,  baa 
Horn] mrati vely  slight  re.ietii  Ity. 

t"  The  SoIutioD  of  Hydrogen  Bromide,— An  mpi^'"^  >''*'" 

tt(  hydrogen  bromide  can  bo  obt<i.iiiet3  by  coiiiiccling  t«  the 
(•ting  apfmratiis  (Fij;-  7G)  the  arrungoment  desmbed  on  p.  183 
W  kbMirptioii  of  a  gns.  The  solution,  aatiu-jtecJ  at  0  .,  contains  80 
Ml  of  hvdrogpii  bmrriide ;  it  is  very  .'flningly  aeid,  fumes  in  the 
vhu  »  density  of  lb.     More  dilute  soUitions  do  not  fume  so 
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iiiiicti,  Jiiiil  the  4^*  pi;i'  -ci'iit  solutitm  h  in  the  ainie  fundidon  as  t 
jier  cecit  acilutiioii  mf  bydrngen  chlnride  ;  it  drstils  over  witti  nn<rhaj 
compoBition.     The  relations  described  in  the  cftso  of  hydrogen  chl 
(p.  185)  arc  repeated  rjiiiLe  similarly  in  the  nise  of  hydi-wgen  liro 
9o  that  they  need  not  be  »gain  des^jribed. 

The  ehamc-Wristic  relictions  nf  acids  are  displayed  in  thL-  siimir 
liy   hydrogen  bromide  as   by   hydrngciL   chloride,  so   thiit    c<)niv; 
solutioiia  of  the  two  acida  Ijchave  almost  idflntiCidly,   n>»t  only 
tatively  but  also  qiijiiititatively.     Hydrobromic  acid,  therefore, 
to  the  atrorgeat   acids,  and   even   in   moderately  dilute   soltiti 
largely  diasodftt&d  into  its  ions. 

Hydrolironiic  acid  acta  on  the  metaU  in  the  same  way  aa  h; 
chloric  acid :  liijiiriyai  is  evolved  and   the  liromiitrs  of  the  di.l'UIs 
formfld.     Theae  «tc  idcritiad  i\'{lh  the  comjiounida  whii;;li  are  i>liUi. 
by  the  action  of  the  hydroxides  of  the  wirae   niietala  on   hydrnlicn 
acid,  water  being  aimultaiieously  £omied,  and  with  thosi'  obUiijicd 
the  direct  action  of  bromine  -nn  the  respective  metals. 

In  the  latter  ease  the  action  is,  in  geneml,  not  so  energ^'tic 
the  c«se  of  chlorino,  Init  the  difference  is  not  very  groat.      An  idiw 
this  is  obtaiiie<l    ^>y  intro<hicing   a   piece   of    thin   rolled   nietidlic 
(tinfoil),  (inch  aa  is  used  Jbr  wr:i|ipinjj;  np  cJiocolate  and   such  tliinj 
into  liquid   bromine   contained   in   a   test  tube.      Tin;    two   eli'inaill 
iiuiuediatelv'  combine  with  the  production  of  a   dark    red   tiamr 
the  evolution  of  thick   vapours.       On  jicconnt  of  the  poisonous 
perties    of    those,    the   cxperimcnl    must    lie    c^rriud   out   in    -t  funri 
chamber  with  good  draught. 

The  a(|ueouii  solutions  of  hydrobromic  add  imil  of  mosl.  of  llN 
meLiillic  bromidos  contain  bromine  an-  f'lmiiiJfii.  In  this  form  il 
exhibits  ilie  geneni!  property  of  ions  of  electrolytic  conductivity,  aaffl 
the  numerical  values  of  this  j;tnerally  ^igi'ee  v«rj  clt>9el>'  with  thoH 
nf  the  equivalent  chlorides.  A  reaction  with  si/ivc  golniioiis  is  ali^j 
given,  and  the  precipitate  of  silver  bromide  which  is  produced  by  iilr* 
salts  in  all  solutiorja  coiitainin>^  broniirlion  is  very  similar  to  «ilv<r 
chloride  in  appearance,  but  is  of  a  yellowish  eoloui'  sitid  is  much  U* 
KobiSI*-  than  silver  chloride.  Tbc  reactions  by  means  of  which  llic  l' 
Bubatancea  can  ho  distinguislicd  fn.im  one  another  will  be  given 
silver.      For  the  rest,  bromidion  is  not  coloured. 

When  chlorine  i^  passed  into  ^oliittona  containing  bromidion,* 
exchange  of  conditions  takes  place:  the  chlorine  passes  into  iJiloridin 
iijid  bromidion  into  l.ii'nminc.  For  this  reason,  all  such  solution*  OMi 
addition  «f  cblorinc  water  become  yellow  in  colour,  am!  since  tw* 
coloration  ia  quite  visible  oven  with  a  very  small  eoncentratioii  o^ 
bromine,  it  8en"ves  as  a  t«st  for  bromidion.  Since  chloridion  cannoU  <* 
eoiirae,  reai't  with  chlorine,  clilnnne  water  eaii  also  he  used  to  d*" 
tingnish  between  bromidion  ami  chbhridioii,  mid  f«ir  the  i iloniiiiciitiO! 
of  the  former  in  prcsejifc  of  ihc  \aU«T. 
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'rig  a  i!h.>41]   lu  iiidii'iite  the   ions,  lu   tn«n.tiotie(l  on   p.   'JOS, 
ii  ii)  qiiei^tKin  wdiiliil  l)e  written, 

2Br' *  CI.  =  2CI'  +  Bi„. 

Jio   hpomiilioii,   of  coiirec,   can    lie    present    in    sohition  iinlyas  Ait 

cnt  ■jDotitit  of  ai>me  cHtiuii  lie  bIso  present;  the  latter,  however, 

pt  ill  Uie  prtwiess,  whith   lakes  place  in  the  same  wiiy  wiiut- 

mav  Tw. 

ctioii  IB  iiacil   fcH'    the   prepuriitiuri   of    bromine  fnini   tho 

lotda  in  wliifh   lii>itiiii)e  com  [rounds  (fcciir  nattirallj,  more  eapecijilly 

■T  tii{iior^  obtained  in  the  wnrliir^  nj)  <.if  tlii'  jmlassiiini 

-■        iiiiL  (p.  'i2).      All  theac  Siiit  solutitms  c«iit(iin  the  linuiiiiin 

Itliv  ionic  Utmi.  nnil  on  passing  in  uhlcirine  and  di&rilling  thu  liijiiid, 

rm>)ily  volatilti  hroinini:  pjiases  over  with  the  atcftm.      Tht-  chloriiiu 

(or  this  purpose  cnu  alsu  hn   [ire[):ired  in  thi?  lirjui<l  JtEGlf  hv 

Sing  A  hypochlorite  (r.ii.  MtiachMij^-pnn-der),  for  example,  and   Lhen 

irtrlilorie  ncid_     ]iy  means  of  n  pn-liminiiry  (leterniinatioTi   of  the 

!iwl  <ii  1>rt>niiiic  in  the  l!i'[iinrs,  h^Mvever.  care  must  he  tiikeri  nithei' 

mKI  t«i   little  than  loo  much  ehloriiie,  iti  order  that  llie  hrondne 

iiKcd  be-  not  rijrit;n]iiiiale<l  with  chlorine, 

|19.  Oxy-acida  of  Bromine. — Brfjinine  is  ipadily  dissolved  by  a 

of  fanitie  scvia..  tht'  li(|ni>l  remaining  bright  yelbnv  in  eoloiir, 

Mxliiuii  hruniide,  the   lifjtiid   then  contains   sh/i'mhi  lii/fjlinniiile. 

inaction  agrees  entirety  with,  the  cotrcsponding  one  in  the  cuec  of 

riac,  for  tc  UilceH  pUer  nccording  to  the  0({ii»l{oii 


2N«0HrBr..=  NiiBi 


NaOBr  +  HjO. 


Tke  uilutioti   prodnefid   is    itaod   iti   the   labonntnry.      It   contain^; 
»tn,  BrO',  iind  by  reason  of  the  oxysjen  of  the  Intter  it  hiis  us 
I  an  oxidising  jLeiinn  ;ia  h\'p(»ch!(irif.e  stjitition. 
The  correftpunding  aeid,  hv|iol>romoiis  iiuid,  llOHr.  tan  aiisu  lie  prc- 
119  diliiii*  Hi|u<-iiii<«  wiliitiori.      It  is  very  himihtr  t.n  hy|Hjehloroua 

On  atMiiiling  soiuc  time.  ii&peeialLy  when  un  exeei^  of  Lroinino  is 
nt,  the  »o]iiliou  palace  into  uiie  containing  hriimiin.'mii,  llrO,',  along 
tjdiou.     In  x\\\a  I'UMe  also   it  is  better  to  use  a.  suliitiun  of 
iiydruxide.     On  widing  Iiroiiiine  to  such  a  «&hitioii  without 
>ril  it«  eolour  i*  [wnnanent.,  the  poUisBinm  liromale  separati's 
■e  in  th«   f'lriii  of  Ji   crystjiilirte  precipitjite.      Neyieeting  the 
nnnniiaic  hy|>i)iii^iniLA  sUj^p,  the  rRaetion  is 

fiK(  m  .  :iBr,  --  .nKKr  +  KBKI,  ^  .'IH.O. 

Prtim  this  wilt  Vimuiic  acid,   HBrf>,,  can   Ix-  obtaiiwd  in  aqu.B»wift 
"I'llioo  in  lie  <m;b<-  tray  m  chJtirfr  add  wits  nbtamed  !rotQ  cWoTatt, 
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ll  is  very  similar  to  cLloric  add,  only  still   more  easily  dei.'Omj 
It  is  not.  known  in  ihe  imhyivous  ooitilitloii. 

I'erliraniiHeR  have  nut.  yet  been  prepbired.  and  rin  oxygen  comj 
of  bromine  is  known  eorrosponding  to  chlorine  EQaiiovirJc  and  chlo 
dioxide.      In  generul,   the  compoimda  of   hrDminc  containing  oxj 
HeconifK)3*  more  easily  than  the  corresponding  chlnrine  compound 

'i\K  r{iiithiidrtg -iixitjid  iif  brimiint  has  been  determined   in  a  ras 
^imiliir  to  that  used  for  chlorine.      It  amoiuits  to   T99(t,    or  alu 
exactly  SO.     The  deviation  from  the  round   number,  however,  is 
due  to  experimental  error,  but  has  (leeii  proved  beyond  doubt. 


k 


IS.   liidiw 


220.   General. — Iodine  is  allifid  to  chlorine  Jiiul  brwinitte,  and  fa 
a  third  siriiiljii-  eiement.     Of  lh«  thre-e,  it  has  the  highest  comV 
weight,  amitunting  to  ll'lj-^fi,  ami  ita  proiwrtios  show  deviations. 
thoae  of  l>romitie  chiefly  in  the  same  direction  as  those  of  brt 
deviate  from  chlorine. 

At  ordin.iry  teniperalures,  iodine  is  a.  solid,  crystalline  aiibst 
of  a  purple-ljlaek  colour  with   iin  indication  of    metaliio  IusIim?, 
density  ia   5.     At   114-'  it  mrlts  to  n  deep  brown   li)(iiid.      Even. 
ordinary   teTnperatiirog    it   emits   a&me    vnpoup,   which    ean    oiisily 
recognisad  by  il-s  ruddlsh-pnrple  colonr  wlien  ji  Utile  iuiline  la 
tiiined   in  a    f4ir1y   lurge   vt-ascl      Iodine,  however,  doB*    not 
till  184'. 

Iodine  vapour  ia  of   a   tine  violet   colour.       For   the  ptir]iow] 
observing  thia  colour  ;ind  at  thf:;  siirae  time  also  the  great  density 
iodine  vapour,  a  large,   ronnd -bottomed   liiisfc  is  etronyly  hcjitt.'d  it 
largo  flame,  being  kept  iLiligcntly  turned  the  wliilc,  and  a  few  crya 
of  iodine  ar«  then  thrown  into  the  hot  flfisk.     The  iodine  is  at  i 
converted  into  a  vaponr  of  a  dark  violet  colour,  which  remains  at' 
bottom,  and  which,  when  ihe  viesscl   is  movod,  shouts  itself  in  & 
'Icgrec  subject  to  the  force  of  gnivity. 

The  density  of  iodine   vapour  id  very  couBidertihle,  being  alx 
ciinc  tinicH  as  great  ub  that  of  air.     The  molar  weight  is  2.'*  4-  andl 
vajiour  has,  therefore,  the  formula  I.,.     An  aet'ount  of  ita  hehiivioe 
high  tempefcitures  wilt  he  given  presently. 

In  water,  ioiline  i.i  only  sparingly  soluble,  but  still  sutttcientlyl 
the  brown  cofour  with  which  it  [lassea  iiito  solution  to  be  detect 
fairly  thick  (ayers.      If  a  salt-like  iodide  is  present  in  the  wal*!r,  mi 
larger  quantitiea  are  dissolved  with  a  brown  colour.     Tbia  is  due  to  ' 
formation  of  nn  ion  I.^',  as  will  be  inimi>diately  discus&ed. 

Id  other  liqnide,  iixlinc  ia  gcnenilly  more  soluble^     Jn  spirit 
(vine  it  dissolves  with  a  binwn  colour  GiDiilar  to  that  of  the  MipnHH*-* 
iodide  solutions,     This   solution   iij   used   in    medicine,   and    J 
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wlimc.       Oilier   si-lveiiU.    siidi   as   Cftrbon   disulphitle   ami 

dissolve  il  with  jl  line   viiilei    colour  similar  to   tliat   nf 

*»pn«r.     On  what  these  differeiicas  of  colour  rfflpend  is  as  yet 

n,  but  it  appears  lina  in  the  hmu-n  solutions  easily  decom- 

CMnpoutHU  are  formed  lietw^^^n  jcxliii-e  ami  the  solvent. 

If  an  W)tieoaa  auliition  of  iodine  is  ?ilinketi  with  carlioii  disiilphidc,' 

txAoar  nf  the  iodine  disappears  from  llie  ii<|iieous  aoluti^m,  iirid  the 

disulpbidr-  is  cAumed  pitrple.     The  iotiinc,  therefore,  loiivLifi  the 

in  order  t/j   dissolve    in    the    carbon    disiilphiiJe.     This    is    au 

pic  of  a  general  plii'nomeiion  which  ia  subjctt  to  defimte  Uiws. 

liii.  The  Lawof  Distriljution. — If  to  two  liqiiitls  A  utid  E,  which 

Bui  <uc  Rtlher,  lire  uitly  sli^litly^  misdhle  ivrLh  one  anonhor,  a  aiih- 

\te  added  whioh  ia  &olii1il<.'  lu  boCh,  this  ^uUstgince  will,  in  general, 

e  ill  t>otb  licpiids  and  »  stiite  of  cquilihrium  will  bo  cetuhli she'll. 

Mal«  ift  detormirLed  hy  the  law  thut  tli&  guhitliiHc*-  ie  ih^tnlmM 

■■  lit  lift  Btilvfnis  III  aaclt  a  uuif  tlml  ihe  rniii'  of  its  cotucniriitu/n  iit 

lit  amtia»t 

Tim  ratio  ia  indei>6ndeiil  of  the  licnounts  of    the  two  solvents, 
i  of    the    absolute   concetilration,   t\i   teiLSt    within   delinitL'   limits, 
I  dcponds    only   on    ibe   nature   of    the    threo   Kubstaucas  and   on 
tanpvralure. 

For  exaiujjie,  iodim*  is  disti'ibnlk;d  between  water  and  carbon 
nt^do  in  the  ratio  1  :  GOO.  IF,  then,  any  ijuantitieg  whatever  of 
\  iodine,  and  carbon  disiilphide  are  shaken  together  und  the  two 
iktiiiDft  then  inve8tig».toHI,  tberu  will  be  found  in  each  CLibii'  centi- 
Cre  (■(  tie  carlKiu  di^ulpbide  solution  llOU  times  as  much  iodine  as 
1  er.  of  ihr  niiueoua  soliitimi. 

\t  IB  evident  fium  these  numbers,  the  concentration  in  carl>OH 
lantpbide  is  ^«it  much  ^eal«r  tlmii  in  water;  for  this  reason,  also, 
jrreater  pari  of  the  iodine  |>a$£es,  a*  the  expeiinient  sbows,  into 
fonnpr,  when  an  iii|iienn^  solution  of  iodine  is  shaken  with 
vtmi  dlMllphide. 

Tlih  l,\w  holds  only  for  the  ifttliiue  prcaeiil  in  the  eletaentary 
lite,  »nd  not  for  any  compounds  of  iodine  that  may  be  pi'Mant. 
!  arimn  disulphtde  be  render&il  a  deep  violet  I'olour  with  iodine 
the  MilutJoo  thon  shaken  with  a  solution  of  caustic  soda,  the 
n4u  cfliour  disappears  and  the  iodine  pusses  into  the  aqueous 
■bbw.  Here,  however,  it  no  lonjjer  exists  as  iodine,  luit  has 
ultfi  with  (he  caustic  aoda.-  If  hydrochloiic  acid  be  added 
bdi  lolutioti,  by  which  meHti&  free  iodine  is  again  fonned,  iLnd  th« 
Wtan  tx!  Hhaknn,  the  earhon  disnljihide  again  hecomos  violet  in 
•dNr. 

Cvhn  iHralplititM   Is  n   i:diujiciud(1   uf  mlpbur  anil   i^iirlmn,   aaH   Utnat   %   liativy. 
■*M(B liquid  <vhir-1i  iliiei  [iul  itiix  witb  wnt^r. 

'Tb  nvcU'ini  wliidt  UiVr  plrwe  litre  atcree  tiilirely  wifh  those  giseii  l>j  clilnrin*  m 
'^B*  oMi  «a<ulk   H>ln,  iui<\  the  Tender  Vi,  iLcrefnre,  rcferiE^I  tn  tlio  uplaoalbn  of 
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'22i.  Iodine  Vapour. — It   has  jilreaHy  Ickh  mantionod   Ih^t 
vapour   of   ioiiirju    h^ts   the    niuhir  weight  254.     Tbia  vnhie    holds, 
tetnperatlires   abovt    the   Wiling    point   up   to   about   500".       If 
wmpemture  be  raised  still  higher,  tha  ioiliiie  v;q>oiir   cxpiiiKla 
than  a  noi-niiil  gaa,  and  its  moW  weight,  theredu'e.  Wcoaieii  bd» 
The  deviation  twcomcs  all  tliL-  lirealer  llie  higher  the  tcuipenilt 
JilloH'tid  to  riao.     At  1.500^,  finally,  thfl  half  value  is  re.ache«l,  iini 
further  elevation  of  the  U!miierittiii.e  hiis  no  lunger  any  fffect. 

This  statement  is  trim  urily  whuiii  the  prosaiire  iB  inpial  to 
atiiKifiiilfere.  If  it  is  less,  Luo  small  densities  arc  found  even  ;it  la 
t^imiieiiitiireaj  and  the  half  value  is  sooner  reached.  At  temjieraC 
above  thiB,  however,  the  molar  weight  aguin  remains  constant. 


reliitiona  are  made  i-lear  in  Fiy.  T7.  The  malar  weiglits  are  meaaiti 
dowiiA'iirdij.  and  the  tenjperatures  to  thu  n^ht.  The  ititml>urs  jiln 
besidu  thu  curvLiB  -iiv*  the  jiressiires. 

Thu    above    facts   show    that    when    iodine    vapour    ia    heat 
traiisEonn-ition  of  the  vajreur  Ij,  into  I  takes  place,  according  to 
Qqiutioii  Ij  =  '21.     Sticii  A  ducotiiEKifiitio n  of  one  siibstairicc  into  liimp 
snbsta-Ticefi  is  called  f/ik<wj«f I'l'ii .      From  tlie  fact  that  the  decojii|)os«M 
iiicreascfi  with  ri&e  «f  tc^iii] "omturc,  it  is  to  ho  concluded  that  hea( 
absorlied   ir   the  [jroc'eiiis,  in  accoidaiif*-  with   the  rcjiealediy  esprci 
general   prindplt!   of  reeistiuiee   to   thange.      Sjtice   the   s.^iooiid  fo 
would,  under  the  same  pressure,  occupy  double  the  volume  uf  the 
afid,   therefore,    if   the   ^''ohlmo    is   the   same,  would    exert  twice 
pressiu'e,  tliB  transformation   of  !„  into  21  would,  at  constant  vnliiJl 
eansQ  an  increase  -if  the  pressure.     Vrum  this  fact  it  can  bo  c&nclu'i 
(tn  thi!  {friuind  of  the  name  general   principle,  that,  the  dectimpoaitifl 
will  he  proiHfiiL'd   by  diniiiiutioji   of  pressure,  aineii  the  decomposition 
opposes  the  latter.     This  conchifiion   is  borne  ont   by  the  experimel 

rosonted  in 
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t   with   Ij,  thi-  stilistanrc   [   niiist  lie   rc{;;irdcd  ;is  n  new 

I'h  flifttTfiil  [troperiiefi.     Uwiii)^  tn  llie  ditficultF  of  I'liveeti- 

t  Mich  high   l«^mtKni lures,  it   has  hilhetto  lieeii   itnposfiibte  to 

m  these  i:UtTei'pm''ies  c)iijintttativclj-  except  in  th«   cusv  ui  ihe 

;y.      It  has,  hi>wev<»i',  )j^m   sUte«l   that  «  ctmngp  in  iho  i-oloiir  of 

Tapriiir  hx*  'n'1-ii  (tliscrved. 

--■5  Starcll  Iodide— Eknicntarv  iodine  in  thp  piirestMie,  whether 

v»]nwr  ur  ill  siiliitiiiii,  la.  eieii  of  il^t'll',  ili^tirit^iiiiilLeil  by  its  strung 

SttU  stiiiillur  i|ii>ii)titif^  lliA-ii  <'iui  lie  detected  by  tbe  fulimr  of 

intinti  <»n  ho  detected  hy  the  colour  i>f  a  rcmmkable  compound 

kxliiie  formii  with  .^lnrrJ). 

h   if  oil   oigiiiiii'   subsU-LiiUL^   ^thal  is,  a  Btil<et>imce   i-oiittiininj; 

)  iimi|»(psiid  iif  cjLrlMiii,  hj'dnij;t'ii,  nii'l  'j.iyj;<?tr,  wliicli  oecurs  vary 

iy  dirtrihxtwl    in   pljint.s  tullectcd    chiefly    in    ibe   seeds   or  the 

"^i^islnit  purtiiMis  nl'  tht-  vegetjihlp  firpanif*m.      It  is  pre|tart'd  nmstly 

hi«  [BitAloes  anil  fi'oiii  wlieiiL,  mid  is  olibiiiicd  in  the  ftiriii  of  a  while 

p>aiUr  which  is  iiiwiluldt'  in  pohl  wnKir,  I»i3t  in  hot  water  bw^IIh  up  to 

maee.      If  miirli  water  Ih'  taken,  uty.  a  hundred   timeE  a^ 

the  wei^l  of  th?  stari'h,  a  Ii4[iiid  is  obtnined  which  can  hi- 

but  from  the  iindisaolvoil  cell-wulla,  and  which  then  appenru 

ant]  miutio<t  liijuid. 

TW  soliiti^n  of  starch,  iinw,  lias  tliu  pnipurty  ut  yielding  u  lino 

ti»r  mlnur  wiifa   free  ii;Mlint>.     This  colonition   is  exeeediugly  strong. 

IW  i«TT  (cebly  brownish  colournd  aohition  obtained  by  shiikiag  iodine 

'"'cnniam  "f  a  dark   hhic   colour  with  stiireh  fiohjtion,  Jiiid 

.1  biU  rit'hur  in  iodine  arc  rendered  opaque.     Th'-  compound 

■Wk  u  bote  funned,  cuniairjs  tbe  icidine  only  very  fecibly  united  ;  it 

WKtt  in   lUaiVBt   every  respect   like    free    iotiiiic,  and   it   1^  therefor© 

tafikn-«l   in    niauy  cht^mteal    re»elioiis  iti  which   iixliiie    is   prorluced 

«  iMnl   up,   OS   nil    iiulicnttir   for    the   first  or  for  the  last  traces  of 

If  u  iolmiou  of  fttdtch  ioilidL-,  .13  tht  blue  sulistaiice  is  cjillcl,  is 

•uned.  it  Iwroines  crjIumleBB   at   a   temperature  ;i  little  Iieli»w   the 

Wirij:  jjoinl.  exhibitiij^   mily  tht.'  feebly  brownish    colour  of  iodine. 

'*f  .  j.'m,-   the  blue  colour  a(i;ii in  ap|)e»rs,  showing  that  the  compuund 

'  d  from  IW  coniiKHierits. 

lai:.  ti|v.'rimeiit  can  Iw   rendered  very  clear  if  only  the  lower 

rnoa  <4  tbe  colourless-  sobitioii,  obtained  by  hesitiiig  in  a  test  tubii, 

'•■•iliwi  by  purt.ially  iinmrrsin^  tbe  tnbe  in  cold  wat«r.      Only  this 

f^ti  will  then  liiconn'  blue,  ^nd  Ay  tbi*  toolcfi   li'|uid   is  the  s\iaci- 

'Hj  btJivier,    tt   will    remain    lUjdisUnbed   at  the   botiniii   ami   ihe 

■iMi.n,n  is  fairly  abrupt.      In  pro|>ortion  as  the  solution  eools.  the 

"ur  gradually  moves  upwuttU. 

■Ii.^ir  phenomenon  serves  for  thi>  detection  both  of  icniine  :nid 
I',  .iini  han,  for  both  [inri«wes.  a  ^Tcat  value, 
r.t    Hydrogen   Iodide.^ Inline    and   hydrof^en   unite    to   form 
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I  hydriodic   ndJ,  wliicL,  in   aecorjfiuce   with   ita   formula   HI,   hM 
(iensit-y    I'lf^.       Like   the  other   halugen   hyilnicids,  it  is,  :il   orilii 
Umperatiii-«»,    a    toluuHcKB    gas.       Ita    liquefaction,    however,    m 
atmospheric  pr«issiir*,  Uakea  place  €veii  iit   -  34". 

Tlie  union  of  th«  two  tlcmeiits  id  still   loss  tstiible  tbiiri  in  the 
of  liydrogeri  broiiiitle.      H  n  mixtiiro  of  hydrogen  ami  io<linB  vapouij 
eqvial  vohliiii;^  l>e  heated,  only  a  portion  of   the  mixture  combinK 
form  liydrogen  ioilide,  the  ntlier  portion  reniHinirig  iincombinii''l. 
proiwrtiori,  aJso,  is  not  altered  by  adding  platiimtw  Bponj;e ;  the  fin 
iiivariahle   SUU:  will  only  bf  very  much  more  ijuiukly  irJ^ched. 
point  variofi  aomijwhat  with  the  temperature;  at  .'i:iO  ,  76  ptTcentI 
the  mixture  com  bin  es. 

Converaely,  alrendy  fonned  hydrogen  iodide,  when  heated,  [mrlii 
decooiposes   into   iodine  iuul    hydrogen,   the   mixture   (jnally   hariD 
indeed,  «^n.ctly   tha   ^anie   C4>mpositian   &g   bofore.      In   this  citsr 
liresonce  of  pjatiiinm  sponge  iiccolerati.'s  the  decomposition  just  as] 
the  former  case  it  accelerated  the  combimitian,  in  conformity  with ' 
gen'Ciit!  law  of  catalytic  acceleration. 

In  aeconinnee  with  the  formula 

H.  +  I,-2HI, 

two  volumes  of  the  compound  are  produced  from   two  vohimos  of 
niised  gitaes  ;  the   iv-iction,  thi-reforo,  takes  placn   without  cha.nge 
vohmie.     Now,  we  have  just  seen  (p.  HSi)  thiit  iii  liinilnution  of 
pressure  promotes  that  reaction  which,  at  «onst:inC  volume,  woulJ  1 
accompanied  by  increase  of  prosaure..      On  attempting  to  apply 
ride  here,  the  liifticulty  sirisiss  that  neither  of  the  two  posailile  reactio 
-—neither  the  tormeition  nor  thi?  rlecompos-ition  o£  hydrogen  iodide 
wniihl    ia.u3e  an   increase  of  pressure.     The  conclusion  tn   lio  dnH 
from  this  is  that  in  this  case   change  of  preaaure  haa   no  inOuemci.' 
the   chemical   equilibrium.       This  conehiBion   has   b<!Gn  confirmed 
experiment. 

This  case  can  bo  generalised,  and  we   ean   enunciate  the  rule:; 
ilrjiniie  Mnks  imt  ittil  tdternl  /*y  ;/r'(r«  pfOrCA'^-W,  <(  rhimij''  in  iftt.V  sfaUif  i 
ivriivrfrli/,  wi  iiijhitTur  un  tfit  /intcfusea.      With   thu    help  of   this 
coiiclneions   cnn   sometim«H  he  drawu  which  are  as  impoitsnt  ru 
nde  fs  simple. 

Hydrogen  iodide  can  he  prepared,  siniiliirly  lo  hydrogen  bromifl 
liy  uiea.08  of  phosphorus  and  water,  as  well  as  by  healing  iodine 
hydrogen  in  the  preeiinte   of  platinum.     The  reaction  ii  in   this 
much  IcHs  i-ioleat.      Red  phosphoniB,  water,  ;^nd  iorlino  can  be  mil 
in  the  order  given,  in  the  propAirtions  1  ;  4  ;  K>,  without  any  consi^f 
able  reaction  taking  place  ;  oji  heating,  hydrogen  iodide  is  then  evolve 
wad  eati  be  collected  by  downWai'd  dJaplaeemeiit,  ag  it  is  four  time* 


BROMINE,  IODINE,  FLUORINE 


247 


tannoi  increuM  iu()t<liiulely,  for  it  must  reach  iU  mnxjmum  when 
ts  cnnipletc. 

['As  >  mattor  of  tad,  iQeiisiircin«>nts  of  th^  ooriduotivJty  hiive  Bb>i)wii 

ibcR   a  a  inaximum  for  the  strength  of  nciils  winch  dinnot  lie 

HyJrweUoric  acid,   even   in    niodtrately   (iiluto   aulutioitis, 

citBatcs  to  tills  njuximQiii,  and  must,  therefore,  be  degiKniitt;^  an 

|«(  ike  *tronges.t  acids.     To  the  same  chtss  belong  the  other  hnlngen 

.  with  the  exception  of  hyilroiSiioric  acid,  'vrhicb  in  coiisideriihly  ]p.aa 

:  ition  of  hydtothloric,  hydrobroraic,  and  hydriodic  acfds, 

.:    nf  nil  other  .icirJs,  incrftiaes  with  the  dilution.     Id  the 

'■■■■  tiiere  is  given  the  fractional  disanciatioii  nt  the  ordinnry 

rr    CiO'),  thi;   diluljon    tierng   I'lpressci!  by  the   number   of 

thich  I  01  yni.  of  hvdrojjyti  is  cont.-iined. 


nci. 

0K5 
0-9$ 

0-99 


IIBr, 

0-BO 
<1-S>8 

O'Ofl 


0-013 

0-0,-jii 
0  12S 


VlHn»et  thereffire,  the  Hi^t  three  aoida  i-hnnge  only  slightly  witli 
|d«tion.  the  otht-rs  do  so  l>o  ii  Inr^  extent,  and  t^iid  to  asanme  the 
1 — k  value  which  is  alreaily  altumt  reachtxl  by  the  formor.      TJii' 
Aimk  tke  aciili,  tht  more  }\earbj  do  tkaj  appi-uark  one.   another  m 

TV«  relaiioiiB  obey  cortAin  laws  which  we  shall  not  consider, 
r'*w.  tititil  a  !»l*r  pninl. 
Wlwn  wr  Hpealc.  thertjfiii-e,  *if  the  jilreiitjtii,  of  an  acid,  we  rneari  its 
U.  the  fraotion  of  the  total  ;imoiint  whioh  is  in  the  form 
liaot.     TIh-  wiiii-eptioii  applies.  iiHiiirally,  only  to  a'-iuiious  eolutiuns. 
I4trengtli  varies  ulsu  with  the  tempeniture  und  the  dilutiun,  Wt 
^b  lh«  »li3Mliite  valiiea  of  the  degree  of  diasociatinn  are  bhf^reby 
\ht  iifdfr  of  ihe  iliflTeront  acids  renmius  unchanged. 
•  An  approximate  nieiisure  of  the  strcnjjth  of  an  fvcid  is  affortled 
Ik*  eamprtrition   of   Its   cnndnotiviiy  with    that   of   an   e<[itivjili3iit 
lof  hydnM-hl-irif  acid-     Since  at  fairly  great  iliiution,  ihi;  latter 
,  Bwlemlly  fall  short,  of  complete  disaociation,  the  coiidiietiviiy 
khI  rcfenwi  to   hydrochloric   acid  eijiial   to  unity,  gives  the 
I  of  \lM  bydru;;en  whicli  is  in  the  ionic  condition,  or  the  de>,'ree 
ciation    of    (h«    .■K-id,      We   have   hero,   it   is   true,   nefjiecleil 
conditions,   still    those   cannot   give    rise   to   any  consid«r.ilile 

m  Uie  «Jty-acids  of  the  halogens,  chloric,  broraic,  iodic  and  pec' 
addi*  are  di'^aycinted  to  approximately  the  sam^  extent  aa 
cUoric  wid,  IIypochl"»roiis  aciJ,  on  tlie  other  hand,  is  very 
*^t]y  diawciated  ;  the  «.'u*cl  degr«e  of  diasOCiatiO'n,  however,  is 
ouLiuym. 
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dilute  hydrocblfjric  acid,  do  tint  dissolve  it.  to  a  miioL  gre-iter  e\u^ 
than  water.  I 

The  iinawer  to  thia  qut'slion  i^  ihia  tliu  ioiline  (.'iin  cumlitno  wttlii 
tlie  iodiitioii  of  the  hydnodi^c.  aL-i<l  in  imrnrdiince  wiLli  the  cqtijitinj 
r  +  L  =  Ij'  to  form  Iri-iodiiiiiDi  1,^',  which  is  coloured  brown.  Th«  vnv^ 
bination  does  not  take  pkce  cfjijipletely,  about  half  of  the  iodic 
ramiiining  micombint'd.  Hence,  aboitl  us  much  free  iodinff  dia 
in  the  Bolutjoii  of  dilute  hydriodic  acid  as  there  is  iodine  already ' 
sent  iiL  tho  irwrn  of  iodidion.  In  more  i^oncL-ntrated  aoiiitions.  hnwp^ 
the  aofubilily  of  the  iodine  is  cuusiderably  greater. 

L'rom   whiit  luis  been  sjiid,  it  follows    that   iodine   musl  dis 
to  the   eiBtnu  extent  iti  the  solutions  of    all   metallic   iodiiles  r^ifii 
of    fDriiiiiig   iodidion.     This    has    beun    found   by    experiment   tuj 
the  ciiae. 

These  cniiaiileralions  can  lie  generalised.      When  in  dilute  soliil 
the  suUil'ility  oi  n  substance  is   iacreivsed   by  tho  addition   of  hiio6 
Bidietiinco,  this  is  to  be  wvphiined  by  the  conversion   of  the  solute  ii 
iiriuthe-r  compijund,  to  iiri  extent  con-espOTiding  to   th«  iiicrewsfj  <)[  I 
Buliibilily,  by  the  substjmce  added.     80  much  [jasseii  into  solution 
the  uticombined  portion  amounts  to  about  ns  much  as  it  would  di 
the  pure  solvent ;  the  excess  is  in  a  stato  of  combination. 

The  fact  Ulnt  this  rule  has  been  oxpressi^d  only  for  liihih  aoliil 
is  comUtiuned  by  the  circunietanc«   that  addilioio  alter  the  iiali 
th«  solvent  and  therul))'  influent*!  thi>  solubility.     An  example  of' 
is  to  l>u  found  just  in  the  uasc  of  ioflinc,  which  is  dis-solved  mii-e  esp 
ally  by  concentrated  solutions  of  liydri<*dic  acid  and  of  i«iidc-s  in 
larger  (juanlities  than  it  oufrht  to  iic  from  the  aliove  cause  alone. 

In  ihi"  broM'ii  solutions  of  iodine  in  iodides,  Cherflfore,  only  a  si] 
portion  of  the  iodine  can   bo  regarded  as  oxifiting  in   the  free 
niiiuely,  an  amount  not  greater  than  is  dissolved  by  water  [\x  2j 
Slill,  the  solutions  mostly  behave  as   if  all    tho   iodine  disBolvcd 
free.     This  is  due  to  the  fact  that  in  pro|fortion  as  the  free  iixliij 
removed  by  any  reiictjon,  freah   iodine   is   fonned   by  a  splilling  ui 
thfl  ion  I,,'  into  I'  ■(■  I.,.     This  process  takes  pliiee  ao  ijuiclcly  th/it  til 
IB  at  no   tine   a   complete    absence    uf    fi-oo    iodino    so    long  aa 
triiftdidion,  1^',  Ib  still  preaenl. 

It  f.m  be  seen  that  the  iodine  is  indeed   ('omliined  and  not  fri'e,! 
Ehalcini;  a  solution  of  iodine  in  oai'buii  dii4nlphidi<  with  a  lat'ge  (puml 
of  hydrioilie  acid  or  [iotasaium  iodide  solution.     Aitbou^U  no  apf 
ahlu  amount  of  ifHline  can  be  removed  from  this  solution  i)y  pui* 
(p.  'I'S^),  the  violet  colour  in  this  case  lor  the  greater  [Jiirt  iJisapf 
and    the    idlinc    jiasHcs    intu    the    af)ueoitB    aohUion    with    a    hroini 
eoloiu'.  fl 

•l-2.<i.  Oxygen  Compounds  of  Iodine.  On  ilinsolving  ioiiiii«V 
caustic  soda  solution,  sodium  hypoiodite  or  fnjfii'iiut'ismi,  H)',  is  firs' 
formuil  in  accurdance  with  the  same  scheme  as  hi  thi'  •■•Mi_-  t>f  flie  ot 
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n  nntitrp  that  ions  are  removed  hy  it,  ^iid  that  it  coiitirtiics 
as  ions  of  ihc  particular  kind  are  present,  it  will  fkpeiiil  oti 
iU4ti  .rmoimf   of   a\\   pcissible   iona.      By  tneans   of   this   rule  each 

ttc  case  cikM  )ic-  decided. 

Thus,     tht?     prHtripiliition    of    chloridion    by    silver    Boliitifm    is, 

ly.    a    [jf'i-ess   Tvliich   gives   the   iiniouiit  cif    i-Ik^   jn-lfuiiiil    ioii. 

lite   silver  in  prt'.'^^iit  in  siiflicieiit  iLinaiiiit,  the  pi->oci.'SR  duos  not 

antil  all   ihu  chlundiun,  rot  only  that  present  at  the  lue^iiiting, 

tbaustad.      For  iht  cbinri'litm  is  removed  from  the  srjlutiotj  hy  the 

capitation  n(  the  silvir  chl'nri(^e  in  the  solid  etitte,  and  the  proceaH 

eoatinne   &o    long   :ig    chloridioii    cnii   still   ho   formeil   from   the 

tl  ehlciride  picsimt, 
Tbe  detvrmiiuitiuii  of  the  oi(*ctricji.l  conductivity,   howiivor,  pves 
m   fiiily  iia  to  the  amount  of   the   fV/K-s  jtuHi/  pirivtif  nr  the 
iona,  for  by  eiich  a  m^iauremeiit  no  inns,  or  only  a  viLTiishingiy 
I  MDuUfil  of  tone,  nri:  used  up. 

Vncn    this   It   is   ideur    that   in    oider    tn  mensiire   the  state    of 

JD   iir,  generally,  the  concentiatiori  of  Jiry  ions,   only  those 

arr  directly  applitable  Jiy  whirh  the  amount   of    the   irma 

ot  is  «i»lv  \i:.vy  wlis^iitly,  iilttred. 

^M.  The  DiBSOciation  of  Salts. — Whcieiis  in  the  t-Mse  of  the 

I  and,  »A  we  shall  Krid  Uler,  to  a  tertid'u  extent  <ilso  in  the  wise 

hues,  great  i-ariflty  esists  in  the  degree  of  dissociation, — all 

■Ue  Talu«^  in  fact,  occurring, — the  behaviour  of  the  neutral  saLtB 

morct  umfomi.     Almost  all   these  are  dissociated  to  a  fairly 

Intent,  iind  only  iii  (jsiite  pxceptiuii:it  cases  sire  salts  found  which 

bit  ile^Hiiticinn  in  this  resj'kecl. 

Eso^  iti  thuse  sp(;(;ial  caBes,   therefore,  it  'will  not  be  necessary 

llie  ou*   of   c^hemical   reiictiuns  hetween   salt    solutions    to    refer 

lly  to  ibe  ftlrtto   uf  ilissociation.     The  .iol«.'d  ooiiditions  will  be 

9MA   v«ry  rliifit)|y  if   we  assume  that  ntl   the   suit  present   ia 

into  it*  ions,  luid  thut  the  reactions  take  place  excliiaively 

tfcc  ioTta. 

An  rnipf>rt-xnt  4;oiivbisiori  which  can   ha  drawn  from  this  is  ihiLt 

different  salt  solutions  arc  mixed  with  one  another,  the  liquid 

proilucwl   will  ulu'a\'8  be  of   the   sume  nature,   1/   i/  cuiit-tin  thr 

'  iatm  iff  tin   Miiif  'imfiuni.  no   matter   what  the   arraugenient    of 

ions  was  in   the  salts  used  for  the  prepai'ation  of  the  solution. 

jre  of  equivalent  amounts  of  sodiiiin  chloride  and  potJir^sim" 

cwi  in  no  respeot  be  distlnf^tishod  from  niie  prejBured  from,  the 

."rfidiip>^  amounts  of  pot^itisium  chloride  and  sodium  iodide. 

r?«rt.ber,  since  the  slate  of  the  Bubstiincea  present  ia  not  ;dteroi]  by 

[fciaag  ihe  two  solutions — for  the  substances  were  present  as  tons  to 

•Urt  Willi  and  art!  so  also  after  the  mixing — none  of  those  prticosaBS 

t»kc  place  by  which  the  occurrence  of  chemicaJ  chan^u  is  cUu.ro.l'iMVBe'i. 

tfccTT  <M>car»  DO  cbjtaffi  either  vt  the  conipei-ature  or  o£  the  \oiVume  or 
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This,  oxide  .i]an  tliasoEves  in  waiter,  lint  is  thereby  tcansfnnn* 
once  into  tbe  acid,  ponibiniuy  a^ain  with  the  clement^  of  wat#-r. 

It  the  oxide  lie  still    more    strongly  heat«d,  it  (iecomposes  ■ 
oxygen  lunj  iuilinL",  which  is  recognised  hy  'te  violet  culour. 

If  iodic  acid  and  liydriodic  acid  he  brought  together,  they 
aet  on  one  anotiier,  with  formation  of  water  and  iodine — 

H•I0,'  +  5H■r  =  aH„O^-  Sl... 


This  reaction  does  not  occur  on  hringing  potassiam  iodide 
icxlale  together,  since  the  hyLlrion  necessary  for  the  forinutit 
water  is  wanting.  If  this,  however,  be  iwided  in  the  fomi  of 
acid,  iodine  immedifttely  aejtarjites  otit.  This  reaction  can  lie  us 
a  Bonsitivu  indicitor  for  the  prosencc  of  hydrion.  In  the  ease  of 
iicids  or  high  concentration  of  hydrion,  the  reaction  proceeds  so  mp 
that  th«  \,irioite  at^^ps  ciinnot  be  fialloived  ;  with  very  weak  acids, 
ever,  il  can  be;  seen  that  the  reaction  ia-  not  complete  in  a  mot 
hut  that  it  r('.'|nir(?B  lime. 

'2'27.  Periodic  Acid. — If  sodium  iodate  be  subjocted  lo  tlie 
of  specially  energetic  oxidising  agenta,  it  takes  up  a  further  cotnl 
weight  of  oxygen  and  pjisscs  into  the  salt  of  /lertJMiir  n/itJ,  whiob 
sotiilioM  forniii  /iniodiwuin,  10^'.  The  pt'i'iodii;  aeid  corresponds 
certain  extent  t-o  perchloric  ai-iil,  but  differs  from  it  by  the  fact 
in  the  pure  state  it  is  a  solid  8uhstance,  th'B  eoniposition  of 
is  not  ropreacntod  by  HtO^,  but.  by  the  formula  H.IO^  cnntail 
two  combining  weights  of  water  more.  On  careful  heating,  peri^ 
atid  itlso  losea  water  and  fanus  an  anhydride  LO, ;  by  car 
dehydration  an  intermediate  substance  of  the  com  position  HIO,  i 
ha  obtained. 

The  behaviour  of  perirtdic  acid  towards  hasea  is  dilfcrenl.  from 
of  the  acids  hitherto  diF^ciiasad.     Beaidea  the  salts  of  the  formula  M 
cor reajKiD ding  to  the  salts  of  perchloric  -icid,  pei'iodic  aciii   forms 
with  three  and  live  combiiiing  weights  uf  metid.     The  forniuhf  of  ih 
are  obUiined  hj  imagining  ono  or  two  molecules  (if  water  addeill 
the  foitnnla  HlOj,  and  the  hydrogen  uf  the   ompgund   thus  foro 
replaced    by   metal.      In    other   wonls,   there    exist   Iwsides   t.hi« 
HlOj,  also  tlifl  acida  H^IOj  and  Hr,IO„.     Acids  such  as  these  wl 
cotit&in  sevenil  combining  weights  of  hydrogen  replitc>?able  by  m«8 
are  called  fihihim-;  iicjds,     Tbey  contftin  pulybaBii:  nniona  ;  in  the  pre 
case  the  trivulent  ion  I0„"",  and  the  pentavalent  ion  \0^^"".     We  s] 
discll$i9  ti)9  ri'hitions  of  th&s«  acids  later,  with  the   help  of   u  siml 
and  better  known  ex:»mple  (t'liap.  XII.). 

22S.  Chlorides  of  Iodine. ^I"  the  exp^jriment  on  the  de 
position  of  hydrogen  iodide  with  chlorine  described   on   p.    237, 
ob^erveil  thiit  if  t^ia  chlorine  is  prc.'tent  in  oicpsa,  tho  iodine  domj 
sepamie  out  iti  (lie  nmtiil  dark  bislroxw  wj^iAvVa,  Wt  that  n  rode 
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•  a  li<|)iid   uf   tbf  iL.|t|)(;HE'iiiiCL'  of   bmraiiio,  and  also  reddish-ytill'iw 
»rp  prwJucfi.      Both  the«e  are  riciiv-  siifjstJtncea  foruieii  by  the 
Bbttmiiin  «i(  chlnriiic  with  iixlint>. 

Tte  pcd-lin»wii   liquid   has  ihe   composiiion    I(_'l,    is  callwl   iuiline 
loride,    and    is    fdnrnnl    mill     extreme    reMliness    by    iMsaiiig 
ovtr  imliue.      Under  the  iiiilinince  of  the  chkiniie,  the  titdint! 
and  by  stjvrt.in^  with  weighed  i|tiftjititiefi  thf  ex|M>nmeiit  can 
iDt«mi|>tL*il    when   the   iticreofic   of   weight  corresponding   to   the 

lia*  tjtki'ij  [li&ci'. 

Tliw  ^ubet&iice  can    tw  solitiitied  bj  culd,  and   ia  ohhviiied  in   two 
nnv  of  which   melt*  at   14  ,  the  other  at   27.     (Jf  tht«i3   two 
tb«  out;  nith  the  higher  melting  point  ia  stable;  the  other 
hn««"Ver.  is  proiluced  mora  rBiidily  by  spcintaneoua  solid ificiii oil 
l^t  li'|uid  IS  i-uuied  down.      If  n  littltj  of  the  higher  melting  foim 
gill  iWrt  riintan  with  the  fonn  c.f  loiver  melting  pi-ninl,  the  hitter 
into  tho  fcHiiuT  1  the  i-ev"?ra('  trjiiisfovniiiticin  never  takes  pW-t. 
tlic   Ii4]ui>l   Looltni  below   14",  in   the  nBighlmurhotxl  of  which 
(he  Ii*iuid  docs  not  spontaneously  solidify,  tho  one  or  the 
'(ami  sefmnttes  (uit,  nctnnliing  ns  crvstals  of  the  one  or  other  form 

_1W  ivIaLioiis  dtscrihed  here  ure  found  in  the  case  o£  a  kr^o  num- 
InbstADues.      Btsidee  lh«r  li.|uid   .fcii-in,  only  <me  kind   of  which 
prewnt,  thfru  jir*-  often  aevcml  snlid   forma  possible,  each  of 
hi*  ita  fjK'citd  Bieliing  fioint.     The  form  with  the  lower  tnfilting 
lisalwars  iin^Uiblu  with  rc-spect  to  the  Form  uf  higher  nieltinf^ 
,*ti  thftt  ti  tun  pass  into  the  latter,  wherefw  the  revei'se  tnmafor- 
nerrr  iK^nirs. '     Thia  phenomenmi  is  called  poJijmm-jfhistit,  and 
Iderviil  fofBi-i  j>oJyiuorphic  fornix. 

BanlrB  the  iodine  nionwhloride,  ttcris  is  iinnther  cum|M3UTid,  loiiine 
if,  It'L,.      It  is  easily  obtsineil  by  pasBirig  wii  exeuSB  of  chlurino 
incline;  thp   bmwn  lii^uid    which    i»    tir^l  produced  soon  8rihdi- 
lo  red-yi'llow    erystiilB^    whith    eajimot    be    melted    at    ordinary 
Aft    thvy    pruvioiisly    flecompose    into   ehlorinc    and    vajmitr 
taonochloride.       If    the    decompisition    be    hindered    by   un 
o(  preastire,  a  meltiiiji;   point  iindt'r  16  Htm,   t-aii  i»e  observed 

M*. 

eORiiJOunds   are    decomposed    by   wiaer   with    fonnuliuci    'A 

one  acid,  iodic  ucid,  and  froe  iodine,     8til1   the   triehloride 

►  to  dissolve  ptirtially  in  water  without  decomposition,  mid  to  Ije 

Hill)  inimig  roiicoiktnited  soliitiunti  of  iodic  neid  iLnd  hydrogen 

these  ccim|juiinda,    there  exist  compounds  of  iodine  and 
Dine  uitl  of  iodine  and  Hiiorine.     These  will  not  Ije  diaciis^ed  here- 


.  Kriirr»l,  iJulj  tor  ll)<'  Itluvmiii  nf  llie  ■<ill»1iii]i-.-6  in  Uik   ii.-iKtl^iir- 
._■  it.jiil.     At  t«iu/»'riil'ir*»  wliieh   lio  at  n  peiiler  dUtmiPe  V*VftW  \Ve 
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Bj  BwaciirementH  of  the  electnc  couiluctirtty  of  aqoMKn 
of  lljrdrol!aortc  acid,  it  is,  found  that  it  is  much  less  diitsociUad 
iOM  Ulan  the  «tb«r  balngen  bydra«ids.     A  nonuai  eoluLkm, 
ooe  mole   in    the  litre,  is   rather  mure   than  3   per  cent 
whfrCAB  the  other  tialogtm   bydracJd^  are  di&«ociated  to  80 
Hydrnttiiuric  iictJ  in,  therefore,  a  considCTahly  weaker  ^Hrf 
othen. 

In   tt«  geiieml   heh;iviour  also,  ftuoridion   differs   ementiallv 
the  other  halogen  iona.     With  silver  aolutions  it  givfts  no 
on    the  contrary,  sflrer  fluoride   is   reaJiiy  soiiihle    in 
the    oth«r    han^l,   mUium    Huoridc   is   n  diflictiEtly   ^oluUle 
wbcrcuut  the  other  halogeiui  form  extremely  soJwhte  com 
ca  lei  urn. 

1>33.   The  Strength  of  Acida.— The  new  acids  which  haw 
tw<Hiine  kiiuwn  t-i  us.  \:ive  occa-iion  tu  some  further  g^neniJ 
tioiut   in   iitniilitication   of   thoae   niiule  on   p.    187.      Acids 
number  of  common   pro[>t^rtiE!8  wliieli  clearly  manifest   thenisel' 
ihti  colour  reactions  witti  litnni»  and  siniiUr  colouring  stihiitanea^ 
which  can  also,  hy  means  of  numerona  other  reactions,  be  t^iifinli' 
determined. 

This  gimilariiy  in  action  is  appnjjiriately  attriVitilwJ  to  the 
of  the  aamc  auVstance,  hjdi*ugen.     In  the  first  plact^  now.  w 
that  tlie  ficid  properties  were  by  no  means  exhibited  My  ail 
cronipounds  ;  all  hydrogen,  therefore,  is  not  of  this  nature, 
hydrogen  is  charactcriaod  chemically  by  the  fact  that  it  can  be  rent 
by  nu-tnU,  AS  has  alre&fly  been  explained  on  p  |S7, 

U  wnmld,  therefore,  be  expected  th^t  ihoso  i^uantitiea  of  dtffffl 
jwidn  which  contain  eijiial  aniouiita  of  hydrogen  (hence  called  i 
■*ilent).  wrjiibj  also  exhibit  eqiml  iicidactiotiii.  In  certain  reaiiecU 
IK  the  ease  ;  thnit,  .-jn<!h  umounta  of  ditferent  acids  alwavs  netltti 
ucjiiiil  amoiinb,^  of  the  same  luse  (p.  I8S),  und  evolve  mth  meiSalt, 
niagneJiiuRi,  'e4|iiit[  r|imntities  of  hydrogen.  On  the  other  bniiil  (1) 
lire  othor  roiictiuiie  in  which  the  different  acids  behave  differeitl 
For  cxariiplu,  on  iiilrodi icing  pieces  of  zinc  of  etjual  size  into  evH 
Itint  Bdlut-inim  of  hydrochloric  acid,  sulphurii;  acid,  and  acetic  ax.'id. 
metal  ai;tB,  it  iii  true,  on  all  tlit;  iicida  with  evolution  of  liydwesn, 
iho  nniotiiit  of  hydrogiiii  whicb  is  r/^/imi/((?y  evolved  is  the  SHmeia 
eiu(e«  ;  the  irlni-ih/,  however,  with  which  the  reaction  taken  place  if 
difl'iirejit  i-iwea,  ia  very  diS'ei'ent.  It  is  greatest  in  the  case  of  hy 
uliloiie  >kU\.  lesK  ill  tliu  cusu  of  sutphurio  acid,  and  very  snial)  in 
otHis  of  acotic  nfiil. 

■  'rbeH<>  rlill'crciicCB  can  lie  clpiirly  shown  by  placing  the  acids  * 
the  zinc  in  snmll  Hii«I(b  litted  wiili  gnH-del ivcry  tubes,  and  I'ollw 
iho  nvdivetl  liydnigeri  in  throe  cylinders  of  mtUfil  section  plaeeci  eida 
"idttand  "Uriclintj;  over  water  (Fig.  7f4).  Tht-diHei-tncee  arequitcdiBtiS 
fi/lor  n  til  10  niinntus  if  ciiiiiviiluiit  normal  Kolnlions,  f.i'.  soltilioiia  0 
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H  ifm.  h,V"lrogen  in  the  litre,  are  used.     Tn  order  to  be 

It  of  impuritiv')  vrhii-h  may  lie  present  in  the  zinc,  mid  i^'hich 
In  dilTGretivc  in  tlie  evohiliuri  of  gits,  e^iiuil  ijuiintities  nf  a 

tion    uf  copjwr  sulphiUe  is  added  to  eiudi   of  the  solutions. 

init   (hereby  Wconies  r.ipid  urid  niiiform,  and  ihe  collection 
IS  i*  liut  i">eii:uii  iltili]  si'mowiial  lu-tiji 

Jlel  with  tht-sf,  tliere  nan  other  difleroncuB  whii'U  have  refer- 
Jm!  Tplocitjof  cheiuicAl  proceases  and  the  enjuili'brimn  relations. 
uch  cases,  seTei^l 
rb  will  Ix.'  flis- 
•tcr,  ili«  Ati'U  are 

tn     Uict     rtuiiie 

lluit   we   must 

mt   lh<<re    iire 

rprBacvsHitDcb- 
acids  ihem- 
iiirlrpindcni 

tn  of  the  re- ■gr-lj  ,iiPK 'Vhf^l^^^^'^'^^V" 

Difference    io  «^= 
jlytic    Dissocia-  p,^  -^, 

It    has    bi'i^ri    al- 

aentioiicfl  thjit  tlju  ncids  in  uqncuna  BoUition  uro  clccLrotytCB, 

iiflm^   tile  pleclr)p   turrcnl  with   dt-('oin]Misition-      if,   now,   the 

j'unilr.iti  a-jliitiitus  of  thi?  Jifferont  anrh  lie  coni imred,  it 

iri  this  regjwct  also  the  aci'fs  fomi  the.  siime  34.'i[i]eritf  ne 

of   their  last  mciitifitieii   properttfw,      Hyilrijchlurif   iidd 

Bt,  aulpburiL-  aeid  U'ss  well,   and  !l<^eIi(!  ac^id  nincSi   woi-ite. 

I  it)  found  in  every  dftiiii,  iiml  in  present  also  in  tht:  rinnimcftl 

follows  from  this  thin  we  Jiri-  dwUing  with  the  npprjilion  of 

ji^c,  and  any  interpr-etiiliori  of  thc!  di-SLTibt'd  nihitiuns  must 

M  of  all  these  prcijieriiiM, 

Twaf  conducting  the  electric  current  wa&  attributed  (p.  "J DO) 

loondition  of  thc  participating  Bubstaneea,  the  ionic  condition. 

titii-n  iho  components  exist  in  a  ccrlain  degree  of  in(tc[.icnd- 

nnothtfr,  or  of  fi-epdom,  and  this  litids  its  cxpreasion  just 

■of  traiii<|virting  opposite  electricities  irt  opposite  directiMns, 

kniH  indejifindenee  is  proveJ  by  the  identity  of  (he  cberiiifal 

)rAn  i'.-n,  indi'pendtnlly  '.-f  (he  pffsenee  nf  other  ion?  (]',  l><9). 

It  ilitlerenues  in  electiieal  eoiidiniLiviLy  of  eqiiivjilent  sola- 

»,  and  thf  correspondiut;  ditt'erencc-s  in  clieniicul  reactivity, 

fattribiitpd  lo  the  I'uct  that  mil  thf   irhnh-  iijiwuit  hit  mihi  " 

IL-  lUtJ  jrrrseiil   it  in   ii   iU"lr   nf  ftff    i<i»i*.      Tty   this  prii'tion 

'  iiiiluctiiwi  i»*  pcrfoniKiii.  imd  t>ii  itdepeinl  thc  velocity 

.ni  in  the  case  of  the  r'-'iK'tions  of  the  acids.      t>f  the 

of  an  RCid,  tbe-n,  a  pmrtiou  is  present  in  the  atiite  0? 
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vfihie.     T'he  equiility  of  tho  numberg  in  the  Cfiae  of  the  former 
is  dua  U}  the  fact  that  these  ace  to  a  largo  extent  dissociated 
ions  in  the  (Cikitc  aqaenue  ^ohitioii&  used  ;   the  heat  of  neutralis 
IB,  lliereforc,  equa!  to  the   hciit  of  formiition  of  woter  from  iw 
hydrion  and  hydrosidion,  as  wiis  aliowii  cm  p.  fJOS.     The  yroal<?r  hr' 
iientralisation  in   the  ease  of  hydrofluoric  jicid  is  connected  vni 
slight  dissocriation  in  Hqiitionssohition  {f.  20%),  and,  indeed,  it 
concluded  ibat  the  diasociatioii  of   hydrofluoric  ncid  into  its  ions 
|lla-ci'  with-  frohifiim  of  heat      For  we  can  regHrd   tlip  aeittmliB-'ttic 
thie  acid  hy  ciiiiatic  sodii  ua  if  tho  itcid  first  diesociiitcd  into  loiiS' 
the  hydrion  then  coml.iineil  with  the  hydroxidioii  of  th*  soda  to 
water,  while  the  tluoridioii  and   the  sodium  remain  sirle  l»y  side  in  J 
solution,  in  oecordanci;  with   thi!  »reiim»tancc  that  sodiuni   ttu 
lieing  u  neutral   salt.,  i»,  in   af(UQoU3   solution,  dis90ciati?(l   to  a 
exLont  into  ione  {p,  2tH).     The  toUil  heat  evotiition  consLsts,  ih« 
of  the  heat,  of  dissotMutiuii  of  the  hydraflnoric  acid  and  of  tho 
formation  of  water  from  hydnon  and  hydroxidion.     The  latter  i 
gives  a  heat  development  of  o"  f.-j ;  the  i^xcesa,  6)S  -  37  =  11  k},  is,  ih 
fbre,  the  heat  developed  in  the  dissociation  of  hydrofJiioric  acid 
ions.'- 

On  comparing  the  heats  of  formation  of  the  halogen  hydniudi* 
the  known  chemiod  reactions  wlucli  occur  between  theee  find  the 
lialogens,  It  is  found  that  there  take  planet  between  them  those  roaed 
which  arc  accomjKuiied  by  iin  evolution  of  heal,     Thue,  (-hlorinej 
plu<:es  bromine  and   iodim-   from   their   hydrogen  <:ompoumU,  and 
aqiteouH  solution,  an  amount  of  heat  ecjiuil  to  lti4  -  UN  =  jfi  iM 
164  -  35  -  109  kj  is  set  free.      Very  ntt/trly  the  same  evolution  of^ 
is  found  itL  the  case  of  the  salts  of  the  halogens,  becitiise  the  he 
neutral isatior I  of  the  three  acida  with  mast  hasee  are  eKjiial.  and 
influence  is,  therefore,  fanccDed. 

*   Similar  reliitioim  can  be  freiiuently  observed,  ;ind  have  given] 
to  the  idea  that  one  ciiii   pfiidtet  the  direction  yf  the  correspoj 
cliemiCHi  reaction  from  the  sign  of  the  "heat  effect,"  Ity  which 
tliot't)  is  undcrstoml  both  the  development  nnd  the  abaor^ition  of 
Such  a  theorem  would  eonliiin  the  assiimptiom  that  only  ibo^e  choi 
rieactionS  ■^an  take  pSaco  which  dfrvcloji  heat. 

"   Now,  although,  as  a  matter  of  fact,  the  majority  of  the  Ice 
chemiad  rejictiona  take  pluce  with  developnieni  of  hem,  th'-ro  are 
a  few  known  in  which  the  ojipnsitc,  the  absorption  of  heat,  ckicii 
tturt  the  temperature  of  the  reacting  snbatances  falls  spontaneol 
The  attemjita   to   attribntu    l-he  ab8or|ilion  of   heat  in   such   ct 
Mcondaiy  puaetiona  or  to  ehan^eii  of  the  physical  stat*",  have  failc 

'  Sinci-  llii!  hy(IroHu"rii'  miil  is  tiLiriifwIiiil  ilU-wicialint,  iiiiii  olsn  the  iodinm 
FiiiiitiLin>-  nijiiie  iiiidirvficiii'li-il  neiIi.,  tliir>  itiuiihiL-r  ili-t'.s  Liml  ^vd  ibc  »}i(ile  Ktuount 
mull',  but  uuly  u  liiLrt.  'Duri  viruuttHLniiL't  oliiui^i:!!  6»iiii' wlist  tUc  nuracrical  valiw  i 
rrjtuli.  tmt  iiui  Us  ((piitrflj  cliannttit. 
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cUfferance  Wtwe*!)  priDiary  "Od  secondjvry  renctions  is  jusl  as 
tba.1  betwi-eu  piivsical  and  cheroicjil  changes  of  stalt.  On 
I  contrary,  th**  ooticlueion  was  itniivo]dH.bI(:i  tliiit  sucli  a  thoor^tu  c4a- 
br  r«ijaU1i)«li«<l,  since  it  is  in  coiitrailictifin  to  ihL-  facts. 
'  If  we  rycall  thi-i  stfttj?nn-'til3  tnaiif  on  p.  211,  wc  act'  that  it  is  the 
rnci-  of  tlif  frtr  rjimjii  that  d^'t^Tmiues  a.  clu'micnl  iniu'tion.  The 
Bora  of  th<.'  Ituiiia  of  formation,  however,  are  a.  uieiisiin'  not  of  ih* 
oJ  the  frtr  but  of  the  I'^lut  wiurgy.  For  this  reuaun,  direct 
lus  cauDOt  be  drawn  from  llie  oiie  Si-l  uf  tigurt'S  with  regard  to 
•et. 
''fWi  far.  liovrevpr,  «s  determinntioris  hnri'  heen  possi>ile,  tho  differ- 
tx-iwerii  ibu  fn-r  itiid  the  loUil  energy  un-,  in  j;eueml.  not  gri-at. 
%y  eoneltide,  therefore,  with  a  tertaiti  decree  of  |)robaliilfty,  that 
cases  where  the  differences  of  tlie  totfti  energy  iire  Ear^e,  the 
Htritling  differcnceB  of  ihe  free  energj'  will  havu,  if  not  the  ^iime 
^  U-ASt  lh«  fame  aigii.  With  this  re^eivation,  it  will  eertiucdy 
tpmiblt!  to  draw  (ronclusion&  as  to  the  direelicin  of  thi^  reaction  from 
'  m^  <if  the  heat  of  the  rcjiLtiou.  In  all  cases,  howcvier,  in  which 
llmt  of  rcaetioii  is  snmll,  the  enneliision  hecunieH  doubtful. 

Om   Uise   in  whiclt  u  reaction   t^kes  phic;  .'^iHintanGDualy  with 
of   heat,  can  Iw  at  once  discnaefil  on  the  hasi«  of  the  l;iljle 
ip  "ii-l.      (.)n  adding  ii  iiulutioR  of  hyjnjchloric  acid  tu  a,  solution  of 
lIuoridK  un  aiisoi-jnion  nf  heat  of   10  ij  oetiirs.     This  is  tin*  to 
fact  tltat  in  Lhi^  case  the  lutis  uf  hyilroftiioric  auJd,  fluoriilion,  and 
.  eonte  togwthwr.      Ilydrotluoric  aeiii,  now,  is  slij^hlly  [|issoci:iI(.'d 
IMlatkui  ;   its   ions,  then-foi'e,  must   comhine  wlu'iicv>er   they  uixnti 
This  com  hi  nation,  h'lwever,  is  (n;tom[i:iiiifd   by  an   iifisiif}^ 
flf  hc*t,  fur   llie   dtsMirMtiiiii   of   hydrol^nonc   acid    into   its   ions, 
*«   luv«    just    seen,   deithps    heat.      Since    the    ather    ious,    viz. 
on  and  sodioii,  remain  mich.'^nged  Jn  the  experiment,  nu  oth<?r 
nif  a  lii-al  dfflert  exist,  and  thi.'  reaction  takes  plad-,  as  observation 
t^  witlk  absorption  of  h)-at. 

'  Siacff  ill  thi'  rcartirin  iindis»ociated  hydrochloric  acid  is  chiefly 

1,  xhr  pr«K-i^s*  M-as  foriiiQi-Iy  iiifGrj»cc!tefl  ha  if  the  "  ivn-aker  hydri>- 

ricacid  19  displaced  from  tl$  compound  with  sodium  by  the  5Ct'on<£t.'r 

JracUofK  acid."     As  tbr  atiove  consideration  shows,  the  impelling 

i£)  much  in  the  hydrochloric  and  as  in  the  hydrotliione 

'   di>i£»ciation  of  which   (.■onditions   the   reaction-     This 

U IU-.  lake  place  only  in  the  presence  of  a  "  strong "  acid,  for 

is  one  that  is  ti.  n.  Inrgi-  erient  diasoetated  into  its  ions, 

eh  m   oiK\  therefore,  can   yield   the  reqnisitc  amoiini   of 
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^Stt.  Actual  and  Potential  Ions.  —  Since  hydriun  bas  jiut 
IkH'ii  ilir«i^iinl<Hi  n*  tile  sulistance  which  manifuats  the  LypEca]  lad 
rtML'tiimis  luiil  It  lins  ftirthvr  been  sbown  that  in  ^nkilions  of  mm 
Hcid  iif  tufKlorHU^  (.-Diii'flnlraUon  only  I  to  2  per  cent  nf  ibif  hrdrogm 
in  pniii'tit  ill  tliv  ionic  Jorni.  ont^  niigfat  iiup[)ase  ibn.1  on  liiniliri^ 
wUh  oiiiisLic  >mlii  iht^  rwl  colour  of  the  lit-imiR  would  disjipfie:ir nils 
tilts  hyilnun  1im»1  ln-i'ii  muverleil  to  wdter  hy  the  additiou  of  ti  inrj 
|wi'  iioiii  ivf  till!  ii|iiivHU<nt  nf  alkali.  Tliis  Is  ni>l  tbe  ease.  On 
ci'lilitii'v,  vri>  litkVc  seen  ihiit  thn  (liHiii-ont  ucide  rc<{utru  exactly 
iiiudIi   iilkikli   ikt  I'orivsiKintU   u^   their  etiiiivaleiit.  (|k    189).      For 

ItrtM'nw  i4  nftiilmltMiUoii,  thcreforn,  it  is  a  question  not  merely  of 
i,vili-itiit  Init  of  <tU  tlic  «cii{  hydruguii.  wheLhur  it  is  presciii  as  ion 
iit>t, 

')'lii>  n]i|i»ii>i(t  riiiitiadiclion  Is  reniiivoi]  H'heii  wc  consider  mi^ 
wwvhltly  wlwt  i*  tbif  ciHinn-  of  llie  pnicesa  of  iiciitraiis^tioiL 
niUlilLoii  of  i-tttiatic  'Hxlit.  thf  ions  H'  and  OH'  in  the  fir&t  pWe 
'III  ttm>ll(vr  iMkI  fxMtn  vAXor.  Theiv  exists,  howfever,  u  ehcniii 
iM|ii)IU>iitiiii  nlticli  dt'|ioi)<.ls  on  tlio  pnopLiruotis  of  the  fiurlicijMitiii| 
MidHiKtiiVH,  Imtwtvn  lh«  (^irtion  of  ll»e  iir.id  wln'oh  hiis  pjisstid  iiiUf  i'lin 
(tiid  ill"  iiiidi-MiK'titUHl  jmnioii.  If  one  of  llic  siilist^uices  is  wmovpJ, 
lliKl  i««tiUoM  nni»t  imniwliiit^'ly  l-iko  \i\ncc  by  which  it  is  iipiiii 
iv|iUihihI  111  |uxk(Mtrtioii,  ttiL-rcfore,  Jis  Llie  bydrioa  'm  reimivt'd  Ij)' 
i«()IiiUIimUi>>i  nilll  the  hvdiiixUlitui,  a  fresh  itimmnt  must  bo  f>rodiiwi] 
!>>  tito  >ll«UH>i«tthui  1.4  iho  ntill  tindiKSneiiUed  portion.  'IIiih  nex 
f>tii  uiHtluii  iv^ki  lMki>  I'Imw  wt  ivtii^  as  th4<ri'  is  itii'lissoei»toil  acid  pr(<&cnl, 
Itiil  uluai  tliin  I*  »vni  up  the  hvdroTcinri  will  nu  longer  In:  Ituiuid. 
Hiid  l\w  \'\\\i\  iikliuir  of  liuiius  must  a|i[>cHr. 

Ni>«,  nil  uMiftwMvi  iK'twfcii  ions  i>n>cee(I,  iw  expenence  ahoira, » 
t|llli'kly  tlwt  It  liik*  Ikithifrtu  nowr  bvuii  {H^silile  to  mensuvo  th«it 
VPliH'lty.  Ilk  iho  \-tuut  uf  i>ur  <»ii«ri merit,  therefura,  vre  sec  only  tJi« 
fliuil  I't^aiili,  uiiiL  nil  titmtUin  wtlh  ouiuilic  audit  wu  do  not  obutii 
ikiiiKiiiil  111  4i>dit>>ii  /tv^nX  ftt  (V  fMrttcvUtr  vtoiiciit,  ^JUt  the  ainoi 
111  ii/i  ihii  hvdi'Utii  tltm  can  U-  fmiiHHl  froni  the  suhstnnceji  ji 
lio[  lliii  m/H.i/  ttiimniK  ii(  llii'  ion*,  t>>it  Mr  j-c/mfi''/. 

'I'hii  uiini«  holiU  (tir  lht<  HcliLtii  of  thv  mvtMls,  r.;/.  atic,  on  the  ai-i< 
wlii'i't>  llit>  h>\n\  Miiioitiit  ui  thv  |Hwsiblo  hydrioii  is  ultimAtety  cvolvi 
lU  hydi^imm  |fli».      In  thin  cnw,  hi'w«>v»>r,  ihe  vplocity  is  inc^asigral 
Ahil  ii  !■-  fi.iiiid  lo  K'  itll  thfl  gKwtoi-,  the  j<reoH-T  the  c«nceiitniLi<iri 
tlko  hvdiiiiii  iii'iiittlly   |iit»wiit.     The   s:ittit<   is  fonud   in   a]\    \n- 
wliiidi   ili'in'iid  on   tlif  hydrioii  «nd   whirh   proceed   with   nieasWiibl* 
volocity. 

Thv  .iiiontion  iw  to  tlio  oMiditions  umliT  which  only  tho  aciiml 
Hud  iiiidvr  which  iho  |iuteiilial  ions  fire  tt^i  W  coriBtdered,  cmu  l( 
iiiixwcit.'d  to  tht-  ort'od  that  ihc  former  are  nll-iinportant  when  tlir 
iiiniiiunt  of  the  ionn  proAoni  is  iinnltvred,  ur  i^  altered  only  in  an 
invoniiHirjihly  nligUt  dc^^if^c,  hy  tliu  process      If.  however,  the  prores 
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aliori   time,  the  sHrfato  cnisl,  of   s«lirl  siilpliiir  be  broken  and 
aid  portiuii  [mjiii'mI  out,  the  tryatals  which  hove  been  foimed 
expuMd  and  n  large  iiumber  of  tbam  will  be  found  on  breaking 
•s  of  sulphur. 

'  a  fihori  unia  after  tbtjy  ha.vQ  been  formei),  ihose  pryatals  are 
imber-yellnw  colour  ami  c-an  be  bent  slightly  without  breaking. 

following  (lay,  the  appeantiice  oJ  the  rrystaU  htis  considerably 
il ;  they  liave  assumed  iho  lemon-yellow  colour  of  the  ordinary 
Iphur  arid  have  imcoini;  brittle. 

:>.  Crystallisation  from  Solution. — If,  on  the  other  hand, 

r  ho  <ii!i»olved  in  a  suiiaMc  solvent,  the  best  being  carbon 
ti'lt;  'ji,  233),  and  the  litjnid  be  allowed  to  evaporate,  cryatAlline 
r  jUsij  separales  out.  This,  however,  has  the  octahi'dral  forma 
anl  auljibur  and  un<lergoes  tio  change  on  bdiig  kept  at  room 
muire. 

boworer,  Ui«  octahedral  eulpbur  (natural  or  wrlilicial)  be  heated 
i|ieratureA  uf  over  100  ,  without  being  melted,  it  also  becomes 
'  uid  brittle. 
i4.  Tbe  Re^rions  of  Stability. —The  above  phenomena  are  dne 

fact  that  ty  eitch  af  the  im'o  forms  of  sulphur  there  ■correeiKinds 
|»  vt  t«injierature  in  whicli  thu  one  form  is  slable,  but  in  which 
Ikcr  form  is  unstable  and   is  converted  into  the  formor.     The 

d  tbi?  ocuhedntl  giil;>hiir  extends  from  low  temperatures  up  to 
hat  ol  th«  prismatic  siilphur  from  DQ~  to  120",  its  melting  point. 
r  M',  prismatic  sulj^hur  is  unBtable  and  passes  into  octahedml; 
'96",  octAh^FAl  Aiilphur  is  unBttibld  nnd  j^asaes  into  pnamatic. 
^k  rclatioufi  ahow  a  very  great  simibin'ty  tn  the  rfciprocal  trans- 
|b  of  ice  and  wHt^r,  or,  generally,  Ut  fusion  jmd  solid itication. 

ihoM  cases  so  also  in  the  prctient,  there  ia  a  temperature  above 
lonly  th«  one  fornix  and  below  whit^h  only  the  other  form,  is  etaMe. 
■RDg  this  point.,  therefore,  the  one  form  passes  into  the  other. 
tljr  nt  t\\U  one  teiu|ieraliiix'  Oiui  the  two  f^n'iiis  exist,  lo^cihor. 
tj.  Influeace  of  Pressure  on  tbe  Point  of  Transition. — 
loriag  thai  vre  are  deeding  Iterii  wiili  a  single  substance  \vc  shuSl 
^a  acoordance  wiih  the  phase  law  (p.  17^1),  that  there  will  be 
^Bonperature  and  one  definite  pressure  at  wbieb  three  phases 
^haie  by  Bide.  At  9S  ,  Uic^  pliases  are  vcUdiedrul  siilphur, 
lUe  fulpliiir,  ami  sulphur  vapour.  If  we  excluds  the  vapour,  the 
Ittai  which  dftiirmiueft  a  definite,  very  small  pressure,  iht^  tem- 
»  of  winilittrinni  of  the  two  forms  of  sulphur  mries  tnth  the 
■?,  ITiB  lenqjcnirure  of  trctusition,  indeed,  is  raised  by  pressure, 
a  tb«  phsDiatic  sidphur  oucn{)ie.s  a  larger  volume  than  the 
draL  liowerer,  a»  in  the  caee  of  ice  and  water  (p.  13-),  a  very 
jmiiiin  »  here  necessary  in  order  to  e^ect  a  slight  shifting  of 
iti  equilibrium.  For  thy  rest,  thu  two  foluis  ol  su\\)haT 
uidepeiuiaat  eubgtancas.     Sat  only  the  crystaUiiie  (onns. 
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but  also  the  9eii8ity,  the  power  of  rofraeting  light,  the  melting  jxjini 
nnd all  other  pi-opeities,  iirc  (lifferent.  The  cleneity  of  jmsiDAtic  siiljibii 
is  l-an,  that  of  octjilicflnil.  2-07. 

The  prifiiiuitst  tijshile  obtained  from  the  fused  sulphur,  riiitl  whicl 
httvo  lieitome  ojiuque,  have  the  diensity  2'07,  thf  ilcnsity  uf  the 
octHheilml  form.  This  is  tlic  Bimplcat  proof  thcit  they  bitve  raaUj 
Itecoine  convBiied  into  octahedral  sulphur.  We  have  the  reverw 
pheiiouiQiion  in  the  case  of  the  octahedral  eitlphUT  trAnsforiucd  bv 
heating. 

240.  Suspended  Transfonnation. — Just  aa  water  citn  b*  cfx>W 

hekiw  0  wiiliuui  s'lliiliiyirig  to  iw,  tlie  ttmperalurG  of  t  ra  lis  form  ;i  lion 
of  the  two  forms  of  sulphur  can  be  oventcpiieil  from  byth  sidtis.  It 
ocUihetJntl  sulphur  be  rapidly  lieatoii.  it  molts  -.A  115,  irhich  is  its  tnw 
m<:ltln^  [joint  If,  however,  it  bo  slowly  heated,  so  that  it  has  time  to 
undcr>;o  iraiisformatioii,  fusion  is  observed  at  120  ,  the  melting 
of  pristuatif  sulphur. 

iil.  Enantiotropy  and  Monotropy. — A  com[»ariaoit  of  tk" 

behaviour  »f  iht'  tw.j  foriris  of  wulphur  liere  dflscribeii  with  the  two 
chlnriiles  of  iotlino  (p.  241>),  reveiils  an  eaBcntirtl  difforence.  WTnoreai 
ui  the  ciwc  of  the  ehloridos  of  iotliiic,  only  the  one  fonn  is  stable  and 
the  other  is  iinsUiblo,  in  tho  case  of  fiulphui',  bolli  fomis  are  BtKl)l& 
eai^b  one.'  hEiin^  stabk^  in  iu  own  range  of  tctii]>eralun!  and  unstable  is 
the  range  of  l-em|>eratHre  of  the  other. 

The  iliil'uTcnce  lies  in  Iho  fiict  thiit  in  tho  casisHf  anljihur,  the  noell 
iiig  point  of  the  moru  ivjulily  fuaiblo  form  is  iibove  the  Lfiuperatm"eof 
transition  at  which  the  stability  uf  the  two  forms  changes,  whereas  in 
the  Ciiso  of  the  chlorides  of  iodine,  the  less  &tttblc  form  melt^  befor 
the  tsmpanuure  of  transition  is  reached. 

Substances  like  iodino  tnonoghloridc,  wiiich  can  Undergo  transfonB- 
ation  only  in  one  dirMiiuti,  are  called  m<'iialr<ipk,  and  those  which,  like 
sulphur,  can  thadgc  in  both  directions,  I'liantwin'/ni. 

248.  Other  Forms  of  Sulphnr. — Other  crystalline  forms  oi 
sulphur,  differing  from  the  two  already  described  in  form  «iid  in 
other  properties,  can  be  oljtained  by  strongly  heating  small  quantitiw 
ol  Bulpliiir  and  atloiviiig  it  to  cool  ra])idly.  Thoy  are,  however,  all 
iiii.'I'iNf  with  reference  to  the  octahedml  and  prismatic  siiljthur,  anJ. 
iiccol'ding  to  the  teni iienitiire,  pasB  into  the  one  or  other  of  these.  In 
respect  of  these  forma,  therefore,  sulphur  is  yuniulmiik. 

We  noBd  not  here  nloscribe  these  foima  iu  greater  fletaU,  as  they 
jire  only  of  rare  occurrence. 

Sulphur  has  also  been  known  for  a  long  time  in  the  fonn  ol  flatten 
lit  mlj'hiir  and  ntHk  of  s'/ljilffi;  These  two  JiinJa  of  sulphur  iU'c  noi 
sp&cial  foiina  in  the  nfie'ntiliir  sense,  but  represent  only  peculiar  *lute» 
of  division  of  sulphur  and  cmiaiat  chieHy  of  octahedral  sulphur,  at  IcmI 
«(Uf  being  ke[it  some  time. 

Floirers  uf  sulphur  ia  jiroduced  in  the  distillation  to  which  sulpliui 
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for  ihi!  [jurjKiM-  uf  [tui'ific:itiuii  (p.  iiG3).  So  Joiig  !(s  the 
feiwing  chaml>er  la  colH,  tlie  vngimirtj  mi  fitlliit^  do^vn  solidify  in 
il!  crysUils,  »ml  siilplnir  is  nlii/iined  in  tlie  form  of  a  yellow-  powJer 
dx  has  becii  ktiotvn  irum  ihe  liiuc  uf  tLe  akheTnisU  as  tlowera  of 
knr.  The  powder  nlmost.  Mwuys  cotiUiius,  huwever,  smxll  quaati- 
of  unorfjliuiis  siilpbtir. 

Bf  tke  Miime  <iiiVi  (/ N«//iA«r  there  U  ilenoted  a  very  finely  divided 
■i  of  mlpbtir  which  ia  precipiUtWd  from  ai|itt;oua  sohitknis  in 
laJn  rftHctioiui.  These  (>r«cesses  will  h*>  described  later.  In  this 
y  »ulphur  is  ol>tJiJriecl  m  such  a  Giie  powder  lliat  its  yellow  colour 
■DtDcs  olmocl  iDvisiljle,  and  il  emits  alumst  entirely  white  siiiface 
ht  (p.  1^).  On  accmiut  uf  it^  liner  stnlQ  of  divisiou  siid  coiTC- 
ly  large  Furfrice,  this  form  of  sulphur  iimre  rea*Iily  iinileryoes 
change  ;  on  this  fact  depnjuda  tiio  appliCiitJLin  of  tnilk  of 
in  medicine.  Milk  of  sulphur  does  nol  dilfer  chemically  fiui: 
sulphur. 
i**ji.  Liquid  SiHphur, — As  jtlready  raentionerl,  jirismiiEic  sulphiu- 
•t  1^0  ;  It  thelt■^ly  eliaiiye.9  into  a.  liylit  yellow,  mobile  litjiiid 
on  cooling,  solidifies  At  onco  to  prirtmiitic  sulphur.  In  small 
liowtivi'p,  iind  by  excluding  particles  of  solid  sulphur,  liquid 
can  he  strongly  supercoulud.  It  theu  exhibits  properties  tjuite 
to  tlifwi!  of  supercooled  water. 
U  tli.>  melted  9ul|jhm-  W  further  heated,  il  exhibits  very  remark- 
iinpruL.  Wliercas,  in  general  with  rise  of  tempemLure,  the 
1  lotion  of  liquids  decreases,  wo  find  the  oppnaitii  hehaviour 
-y-  of  lifjuid  suljjhur.  The  higher  the  tcmpenitiire  riaei^^ 
visciil  dotiB  it  become.  At  the  same  timft  it  becuinea 
i.oloiir,  and  at  t!ftO  it  ]>as8es  int*  a  dark  red  masB,  which 
HIS   that   (lie  vpssel    may   be   turned  up.sidn   doik'n  without 

1^1^  out.     On  furthur  heiitiug,   tlie  mass  ugain  becomes,  more 

fud,  without,    however,    losing    its    diirk    colour.      At.   4S>0'    the 
lifkat  is  ngnin   (|uite   ]ir|uid   and    boik,  passing   into  a  red-bromi 

The  heat«il  aiJplnir,  on  being  allowed  to  eool,  ayain  passt's  ihruugh 
tbflw  condition»  in  th«  t^ver&u  oi'<Ior;  it  fii-st  bei'uniL'M  viscid,  then 
<pii  ipiiti  and  light  in   colour,   and  solidifies,   finally,  in  prismatic 

JM}.  Amorphous  Sulphur.  —  Strongly   heated   sulphur  liehaves 
V  diffcrvnlly  on   beinj;  rapidly   cooled,  as  r.i/.  by  pouring  it-  into 
dU  H3trr      it  then  .leaume^  a  v]&ci«l  character  like  that  of  thbtic 
tmltfc'niltl-t'r,  ami  is  cullod  •iijii'ifiii"4i.<  snlphurn 

Tim  dtsigiiaiion  ik-notes   that   the  sulphur  in   this  fomi   is  not 
TftftOibc,  although  it  exhibiw,  to  a  certain  c>:tent,  the  prn|H!rtie9  of 
Mb]  botiy.     On  the  other  hand,  it  can  be  rejiarded  as  a  li(|uid  with 
inwrnol  friction.     This  view  is  siipp.^rtori  by  the  fsu^t  thai  Mnot- 
aolicl  substances,  on  besitiitg,  exhibil  a  cwUinuiMU  U"iui8iU0l\  mto 
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the  liquid  atute  ;   no  doiliQJte  lueltiDg  point  can  be  obseri'cd,  but  thi 
intorniil  frieUon  continitoUBly  diicreastis.     Ail  thi;  other  proj>ertiea  Ala 
cbaiige  i:i>iitiiitioiisIy,  until  a  state  'with  the  characteristic  propertiea  dl 
a  liquitl  is  pnjdiic*d.  I 

Tlio  iimor]>hoUE,  viscid  siUphlll;'  does  not  l-omAin  in  this  coii'iiu'uiB 
at  ordinary  tempftnLtiires.  After  some  days,  sometimes  also  only  afu^ 
a  fairly  long  tirae,  it  changes  into  an  opaquo,  lii-ittle  mass  whicL, 
its  density,  proves  to  be  octahedral  sulphur. 

We  must  cotidudo  from  this  thiit  i*t  ordinary  ternperatives, 
amorphous  sulphur  is  a  Irt.^  stulh'  iotm  tha.n  the  octiihctlnil. 
matter  of  fact,  the  latter  is  tho  only  form  of  sulphur  which  la  at-alV 
room  toiuperaturo ;    all  tbe  other  forma,   of  whicJi  there  are 
besides  those  already  metitioned.  pjis3  in  course  of  time  into  octab' 
aidphur.     Tins  is,  accordingly,  the  only  form  which  is  found  in  nati 

The  fntt  that  the  rapidly  cooled  suljjLui'daes  not  imincdi.itely 
into  that  form  which  is  stahle  at  th«  exiatini;  tBmpcratiire.  but  ti 
first  asaiimea  a  less  sfcihle  form,  is  it  apecia-l  caso  of  the  general  law 
when  changes  of  state  tiike  plfuce  those  fomis  are  usually  ppodi 
which  are  the  least  stahlt'  of  tho  forms  possibk  under  the  exiating 
ditions  {p.  210).      The  fornsa  first  produced  iifttrwHrds  chnnge  into 
more  stable  nnes,  when  thia  becomes  po&sible.     The  velocity  of 
trail af or ma.linn  varies  greatly,  and  the   Irnua formation  may  liike  pi 
in  the  fi-aetion  of  a  secontt  or  may  liiBt  for  ycai's  or  ccntnritis. 
chfingps  in  Ihe  properties  of  li(|uid  snl|*hiir  with  the  teinfieiatiirBW. 
havu  been  deaerihed,  lead  to  the  conclusion  that  sulphur,  in  the  IJi 
ae  in  the  solid  eUtv,  can  oBaume  different  allotropic  forms.     It 
hitherto  not  been  posaiblo  to  prepapf  those  fomis  in  the  ptire  stato 
to  charactcriso  them. 

"  3ril.  Experiments, — On  account  of  the  vsricly  of  iu  t 
8ul|ihii['  is  apeci;illy  well  adapted  fur  a  study  of  the  reciprocal  reU. 
and  eoDditiuns  of  stability  of  ditfereitt  forms  of  the  enme  subs' 
ThesB  rtiliitiona  can    be    obser^'ed    in    a  very  itiatruciive   miuuier 
introducing  a  small  piece  of  sulphur  into  a  tube  aluut   2  era, 
exhauslin^>;  the  tube,  and  sealing  it  ofl'. 

(Hi  slightly  heating  the  spot  where  the  sulphur  is  situated,  the 
gives  oH'  vaiMjur,  and  on  the  colder  j»arta  of  the  tube  drops  (not  cry; 
of  sulphnr  an-  deposited,  although  the  temperature  is  there  much 
th«  point  of  »olidific»tion  of  sulphur.     Thti  lass  stable,  liquid  fi 
therefoie,  is  first  produced. 

If  the  tube  ht;  nllon^ed  to  remain  in  this  Btato  for  some  hours  uh' 
d&poait  of  drops  l>c  examined  with  a  lens,  the  following  ap|tejir:iiico 
found.  Many  of  the  drops  still  reniaiu  liqiliJ,  m  tan  be  seen  from  iheir 
transparency  ;  others  Lave  .solidified  to  crysuda.  WhiTc  a  crystal  ha* 
formed,  it  is  ijuickly  encircled  Ijy  a  clear  ring,  tho  SiuToilinUrtg  drop* 
disappearing.  This  is  due  to  the  fact  that  the  vnpoui'  pressure  of  ths 
iriysia)/isni  i\x\^)\\\r  i?  smull&i-  than  that  of  tho  lu[iiid  at  the  same 


SULPHUR  AND  ITS  COMPOUNDS 


361 


itiire.  Tor  the  cryslallino  form  is  the  more  slable  of  the  two,  and 
■t,  in  accordance  with  the  considerations  put  forward  on  p.  135,  also 
3  the  smailor  vu|JOur|]rcssurL',  Sul|jhtir  distils,  therefore,  from  the 
(6  to  the  erj-HtHls,  and  the  former  iliwippoar  from  tiie  iieii,'ljbourhood. 
Occasionally,  also,  othor  regions  are  aeeii  in  the  tube  ivhero  no 
;tal  has  formed,  but  wlnre,  nevertheless,  the  formation  of  a  "  hnlo  " 
iiiml.  On  closer  eAamination  ol  euch  a,  spot,  it  is  seen  that  the 
,ra  of  the  clear  apaca  ia  occnpietl  hy  a  drop  which  is  lartjrr  than  those 
minding  it.  In  iiocordiiri'co  with  thf  reaaouiug  just  uppKed,  we 
t  condiiile  thiit  hvr^nr  ilrops  of  sidphuc  have  h  smaller  vapour 
sure  tban  amull  ones.  This  ahio  is  the  caise,  and  foUowa  from 
ectly  similar  L-unside rations. 

ThuH,  on  hringing  two  drops  into  contact,  tlicy  iinite  with  a  cer- 
force  and  iwm  a  single  drop.  This  union  ukes  plnce  in 
lequeace  of  the  surface  tension  of  the  liquids,  by  virtue  of  which 
[uid  lends  lo  iisstinie  that  shape  which  has  the  smallest  possible 
snrface.  In  the  case  of  Urgi)  masses  of  liquid,  the  surface  t^n^ion 
imall  corapari?d  with  the  influence  of  ^avily ;  in  the  case  of 
11  quantities  of  li'[uid,  however,  it  is  the  detomiining  factor  and  la 
cause  of  the  spherical  shai*  of  the  drops, 

Now,  the  aurfnce  of  the  sphere  formed  by  the  fusion  of  two  drops 
imaller  than  the  sura  of  the  two  spheriual  sui-faces  before  the 
in.  Since  the  surface  tension  tends  to  diminish  the  surface,  there 
ta  also  the  tendency  \o  form  a  large  dnjp  fnmi  several  small  oues. 
J  tendency  exerts  itself  in  all  wayB  in  which  the  objent  can  he 
ined.  Since  iti  can  also  he  attained  by  distillation,  the  cause  of 
distillation,  viz.  the  difference  of  the  va[}Oiir  pressure,  must  he 
1  that  this  tendency  ia  given  effect  to,  The  vapour  presaure  of 
U  drops,  tliereioro,  mnsL  be  greater  than  that  of  lai^e  drops,  as 
jriment  also  shows. 

If  ihe  tube  with  the  deposits  of  liquid  and  solid  sulphur  at  various 
B  be  allowed  to  remuiti  Undisturbed  for  a  fairly  long  time,  the 
»it«  all  disappear,  and  there  is  only  the  large  [liece  of  sulphur 
;  in  the  tube,  which  haa  now  become  tlear.  All  the  sulphur  has, 
efore,  distilled  over  to  the  large  piece.  The  cause  is  the  same  as 
ire ;  for  aoUd  subst-int^es  also  have  a  surface  tensioUf  and,  therefore, 
e  exiets  the  tendency  to  niatcu  the  surface  as  small  as  possible  or 
pieces  as  Urge  a&  jHtssible. 

For  the  sduhilUt/.  exactly  the  same  considcriitions  hold  as  tor  the 
jar  pTi^SBure.     If  a  glass  pintc,  such  as  is  used  us  an  object 
microftt-opic  purposes,  \x  held  over  healed  sulphur  until  a 
l>een  formed  on   it,  and  if  a  drop  of  water  (or  of 
d   e^'aporution )   be  placed   cm  this  atid   the  whole 
tr-glasB,  ejc^ctlj  the  sjuno  jjiionoracna  of    "halo' 
cousumption  of   the  lees   Btiihle   forma   by  the 
irved.     This  experiment  serves  at  the  same  tims^ 
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t!ie   solubility  of  sulphur    in   these    hqiiids,  a    srihibih'ty    that    is 
Nmall  lli.it  it  has  not  Iwen  possiWe  in  Einy  other  wfiy  to  measure  it. 

Applying  those  oonsideratiotis  to  the  conditions  of  imtisfomiiiliii 
of  tbe  octabetlral  and  pTiamatic  sulphur,  we  can  dravT  the  follon 
conclusion  a.     The  sohibility  of  the  former  in  any  solvent  must, 
96'^,  !bo  smaller,  and,  ahovc  9fi  ,  be  ^.Triiter,  thiin  tliat  of  the  prisma 
Corsequont-,ly,  the  aolnbility  at  9  0  ,  the  point  of  traiiEition,  must  be  ■ 
mme  for  both  foniis.      All  thie  has  been  coiilimied  by  cxperimonl. 

Since    the    considemtione    on    which    th«    conclusions    arc 
are  general,  the  law  can  be  enunciated  for  all  alloti'opic  forms 
the  leas  BtJiblo  forma  must  he  mora  sohihle  than  the  more  atahle, 
itat  at  the  point  of  transition  the  Bolnbility  of  the  two  must  be  eqt 
Qsofid  application  of  this  law  c:in   be  made  in  cases  wheru  the  tr 
foi-mationa  are  difficult  to  observe  for  tlm  purimaeof  distinguishing! 
stable  from  (lie  nnstjdile  forms, 

252.  Sulphur  TapoUr. — A  similar  variety  of  conditions  is 
by  sulphur  in  the  vapuroua,  as  in  tho  aolid  and  liijuld  form.  At  ten 
aturos  in  tbe  neigbinmrhood  of  the  boiling  point,  tbe  molar  -n-eighJI 
sulphur  vapour  is  ^  20  ;  the  higher  the  temperatnro  ia  niisei], 
smaller  does  the  molaf  weight  become,  until  at  1000  it  has  fallcr 
(14,  and  at  still  higher  temperatures  it  ret-iins  this  vmIuo. 
numbers  are  for  atmospheric  presani-e.  If  the  ^■a]^0'll^  of  stilphl 
investigated  under  smaller  pressures,  it  is  found  that  At  a  given 
jjerature  the  molar  weight  is  all  the  emaller  the  lowsr  tho  pri?ssu 
This  variabiJify  also  ceases  when  the  molar  wofglit  reaches  lht»  V9 
(54.  Sul]»hur  vnjwiir,  therefore,  follows  neither  the  hiw  of  Boyl 
that  of  Gay  Luaaic,  and  only  when  the  molar  weight  hae 
equal  to  G-l  does  it  l)ehave  in  aecoi'dance  with  these  laws. 

A  similar  behaviour  has   already  been    met  with   in  the   caul 
iodine  (p.  2:H),  and  tho  same  interpretation  of  the  phonoDituft  caaj 
appbod  in  this  case,  i.e.  the  vapour  of  sulphur  exists  in  several  fo 
with    diflereiit   molccidar  weights.     Since  tho   combining  weight 
sulphur  is  Z'l,  the  forniuh]-  S„.  must  be  ascribed  to  the  vapour 
is  strthlo  at  the  hi^h   tempcTRlur*  and  low  iiwasure.     With  rcgaix 
iho  more  dense  form,  the  present  case   is   more  dlrticidt  than  iht 
i<Miine,  in  so  far  as  no  region  is  known  in  which  the  density  is 
st&uU     Even  at  the  boiling  point  of  sulphur  we  are  in  the  regiod 
TOtiitble  viipour  density.     Since    the    highest  observed  valiio  of 
densily    amounts    to    ^.'^0,    wo    can    only  conclude    that    tho    den 
vapMir  eontiifss    more    thrm    six    cnnibining  wi^ighte,  or  that   in 
formula  S,,,  n  is  at  least  greater  than  (1. 

From  determinations  of  tbe  molar  weight  of  dissfiliv-tf  siilpbt 
diflerent  solvents  (cf.  p.  15H),  tho  formula  S,  has  been  found  fo( 
lb  can  therefore  bo  assumed  with  some  degree  of  prolability  ihnt 
denser  eulphiir  vapour  also  has  the  fommla  Sg.  and  that  the  vapou: 
vnriable  density  eousietB  of  a  mislurc  ui  S,^a.nt\  ^^.     S&vectliek'ss. 
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prohnhle  itat  other  kinds  of  sniphur  vaponr  S,„  Avbere  "r  h  a  ivliole 
Uuber  between  8  and  3,  more  particidarly  8„,  are  also  preaunt. 

With  reference  to  the  law  set  forth  on  p.  1*31^  it  follows  as  a 
icesaity  th.it  on  diniinifiliint'  tlie  [iressiiic  tlie  less  tlonsc  form  of  the 
ijumr  S.,  ahoiild  lje  formed  at  the  evpenso  of  tlic  more  dense  S^_, 
torn  the  facrt  wlso  thut  this  tmiisfornicitiuii  is  brought  uhotit  hy  cleva- 
01)  of  temperutiiTG,  it  Citii  be  eoncliidetl  that  the  transformntian  from 
I  to  H^  Uilifs  |tlin:o  with  aWii'piinn  of  lieut. 

253.  Purification  of  Sulphar. — Uso  ia  mado  of  the  changaa  of 
late  whit hsuJphur  iimlergoos,  fur  the  purpose  of  purifying  it.  Ab  found 
1  naliirv,  it  is  iisiiully  mixod  with  other  minerats,  chiy,  itiui  sand  In 
icily,  tht3  ^itlphiir  ore  is  pilfMl  up  in  »  henp  fiu'iiisiicd  wiih  nir  cfaun- 
ris,  tike  the  wood  pile  for  (he  Imi'ning  of  ciinrtoal,  and  ia  sist  firo  to. 
te  heat  prwlnced  canaes  the  aul]ihur  to  melt,  and  this  flows  away  in 
fairly  pure  conditinii,  leaving  the  ditficultly  fusible  impnritiea  hehind. 
Y  thia  Dicthfyl  n  loa»  of  snlphiir  ia  incun'cd  owing  to  the  comb  nation 
a  portion  of  il,  hut  thia  is  by  far  the  choapQJtt  means  of  generating 
le  beat  necessary  for  the  melting  «f  the  snlphnr. 

To  completely  froe  the  already  fairly  pure  sulphur  so  obtained' 
frm  all  non-voUtiEc  impurities,  it  ia  ilistiilrd  from  iron  retorts,  and  lh& 
bpoiirs  are  led  iiito  large  cliamhera  ot  maaon  work.  At  the  com- 
(teneetnent  of  tho  diatillatioti  these  chambers  are  cold,  and  the  sulphur 
■■pours  condensG  to  a  fine  powder  of  i^iilphur  particlea.  Theac  are,  at 
[rat,  araorplious  (cf,  p.  251)),  btit  soon  pass  for  the  greater  pjirt  into 
be  cirystidline  condition.  The  powder  is  in  {tail  collected  and  is 
:ed  on  the  market  under  the  name  of  jhrwtTS  "f  du/pAwr  (p.  258). 
continuing  the  diatillalion  the  temperature  of  the  chamljer  rises 
ive  120",  and  the  sulphur  then  collects  in  it  in  the  liqw-l  atute. 
The  liijiiid  sulphur  can  be  run  nff  through  an  opening  at  the  bottom 
1^  the  <.'banibei'.  It  ie  collocteil  in  wooden  moulds,  in  which  it  solidifies 
k  rods  of  a  elightiy  conical  ahape  known  as  yiH  suijihar. 


•  B.  Cri/slaU 

254.  General.— The  two  knon-n  forms  of  solid  stdpbur  differ  not 
Bily  in  density  and  other  properties,  but  also  very  materially  in  the 
Bl'ui  of  their  crysUls,  and  the  general  quentioti  arises,  therofore,  as  to 
iliJ  laws  of  crysiidline  form.  All  the  more  imporUincu  attachus  to  this 
pestion  from  tht)  hict  that  the  cryafciUine  form  is  a  property  of  almost 
u  solid  su1>atitncca,  and  constitutes  a  very  important  meaaaof  dedcrib- 
Ig  and  identifying  the&o. 

Iti  the  fin*t  pluce  we  draw  the  distinction  between  the  two  cunili- 
lone  of  solid  siibataiicos,  the  nnun'phms  or  fornilesa,  and  ihe  f-riisltiif-'^' 
■r  formed.     Since,  hnwever,  the  oiitwani  al!a[io  can  be  chanu^,T  ^  wil 

e  other  more  genemi  characteristic  must  be  sought  fot  v     mM 
which  the  two  conditions  can  be  distinguished.  J 
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The  esaciitiat  nature  of  crrstaliiiie  hudwa  is  foiuic!  in  tlie  facl  I 
tlieir  properties  vuvy  in  a  inaiiiipr  depending  on  the  iliirrlif»  m 
For  exairipHe,  Ji   hivil   of  ^liias  nm]  one  of  octahednil  stilplitir,  on 
wanned,  will  behave  diffGrontly.     Wliert-as  the  glass  Ijiill   rvQi&il 
sjtkerr,  oiily  incrcasicig  somewhat  in  aize.  the  baJI  of  sulphur 
being  warmed,  into  an  dlipsm/i,  the  axes  of  which  have  n  eimptel 
tion  to  the  shape  of  the  crysul  from  which  the  LbU  was  cut. 

Another  example  is  furnished  hy  the  conduction  of  heat 
g]tt5«  plate  be  cuvc-red  with  n  I«yer  uf  wax  arid  the  point  of  ftj 
inetiil  cone  be  placed  on  thin,  the  wnx  is  melttHl  in  the  form 
circle,  beciiase  the  heat  is  distributed  e(]ua[ly  r|uicl(ly  iti  all  dir* 
If  the  siiniG  espariment  be  cAiried  out  with  plates  cut  from  cry 
the  niekiui^  takca  place  not  tu  circk's  but  ui  c//i/i,ff«  ivhose  axes' 
dill'«rent  ri'lativu  lengths  acconling  to  the  position  of  thv  plate  iiv] 


Km.  Ml. 

original  cfjbUiI,  ami  likewise  stiind  in  a  definite  relatiou  to  the 
of  the  crystal. 

•2cfo.  The  Crystalline  Forms. — By  the  name  tyi/."/"'.  •jae 

wcuitonied   to  think,  in  iho  lirst  insUuice,  of   tlio  regular  forms  wb 
auhstaiices  asKume  on  iHLSsitig  into  the  Bolid  etAt^.-^iiK-l  which 
often  be  observed  in  suth  exquisite  beauty  in  the  case  of  naliu 
foriued  eolid  bodios.     The  exatnplcg  digCUfised  tench  that  these  fo 
are    merely    a    definite    cxpreseion   of   a    much   more  comprcbeii 
regularity.     The  forms  are  only  an  expression  of  the  genoral  fact ' 
in  ciyatals  all  proponios  which  can  be  liroiight  into  relutiun  with ' 
direction  in  space  luidergo  rej^ular  variation  with  tbia  direction, 
the  properties  which  concern  ns  here,  the  most  imporianl  is  cerl 
the  vNtcrnal  shap*!,  since  it  is,  on  the  one  band,  the  one  which 
forces  itself  on  the  observation,  and,  on  the  other  hand,  exhibits ' 
most  manifold  variety  to  be  met  ri-itli  in  the  case  of  crystals. 

Crystalline  forms  have  the  general  property  that  they  are  Imi; 
only  by  piano  surfaces.  If  one  examine,  however,  n  group  of  gtn 
tanooiialy  formed  cryatjiK^  of  th«  aaine  substance,  e.;f.  a  vhiater 
qqartz  crystals,  it  is  soon  seen  that  the  a]!p«inuiCLi  of  the  individ 
crystitU  is  very  varied,  the  outlinoB  of  the  l>onnding  planea  being  (iB 
different.  All  the  same,  those  vanoUH  cryntida  (Fig.  80)  pr 
certain  /■t;Jii6ioii8hip  uf  form,  wknch  at.  onws  totcfts  ks«lf  on  oho 'a 
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ser  invGstJg&tiDii  shows  that  although  the  outline  nud  the  site 
lie  fibces  wbich  bound  the  crystals  change,  it  is  always  possible  to 
place  the  iJifferent  crystals  that  h  every  /lice  t/  ihi^  iiw  liiert  fttiwh 
9J  Ihi  "titer  ji'irtille!  fu  it.  From  this  it  follows  ttat  ihti  an-jlts 
Iwliich  tlie  varioi^  correspotidnig  fai.-e6  of  two  LTystak  lueet^  nrr- 

tjw  tfte  Utinr:,  Oiiving  to  one  or  olhor  of  the  faCee  Ixiiii^  formed 
jvi'Iy  neir  or  relatively  far  from  the  miildle  point  of  the  crystal, 
f  faces  cut  one  anotJiei-  diflerently,  but  the  angles  between  them 
hftin  the  same. 

Further,  a  curst«-y  cxamiHatioii  shows  that  the  cryetals  are 
VMlrtoil  slniclurcs.  By  lliia  llierc  is  Hndcistood  that  ditTereiit  faces 
Br  in  a  crystd,  Wihich  iirc  siiQJl'^i'  lo  one  another  and  are  relocated 
I  regular  manner.     Thus,  for  example,  tLe  snow  cryauJs  figured  on  p, 

>  have  the  lifoporty  that  each  may  Iw  regarded  as  consisting  of  three 
alar  partj*  iUTati.iu'i-'J  roimd  t!ip  centre  at  anguliir  JisUiiicofl  of  120°. 

256.  Thi©  Symmetry  of  Crystals. — All  the  rfgularities  oxhibited 
crystals  can  be  deduced  on  the  basis  of  the  conception  of  symmetry. 

Three  kinds  nf  symmetry  are  Ut  be  distinguisted.  The  first  it 
it  which  icxifiU  Iretween  an  object  and  ita  mitTor-imago ;  the  plane  of 
i'  mirror  is  called  Wi&  jiUiif  i>f  sitmmelr»j  of  the  strucUiro. 

A  second  kind  of  symmetry  arises  by  rotating  an  object  round  a 
Inita  axis  throngb  an  angle  oijuul  to  a  simple  fr:i<:tion  of  the  total 
ktioii,  and  repenting  the  robiUon  untd  tlte  object  again  reaches  its 
^tial  position.     Aceordin"  as  this  angle  ik   A,  i^rd,  jth,  or   Jtb  of 

total  rotatign,  we  speak  of  a  binary,  ternary,  qiiateriutry,  or  senary 
Bo(  symmotry.  (Other  grades,  auch  as  ijuimjuenary,  septenary,  or 
lier,  arc  not  possible  in  crystals.) 

The   tltii'd   kind   of   syaimi'tty  ariacB  from  a  combination  of  the 

►  just  deseribeii,  by  ro^d/irtw  u/«i  tepxdvn.  If  the  object  is  brought 
9  it«  next  poaitiuD  by  a  rotation  followed  by  a  relHoction,  so 
t  by  repeating  this  process  a  number  of  tim^s  it  again  comes  into 

original  ]>ositiou,  such  a  structure  possesses  the  third  kind  of 
anwtry.  For  our  studies,  it  ia  esaentially  the  firat  two  kinds  of 
ametry,  reflection  and  ntliition,  that  are  ofaccoiuiit. 

By  using  tho  three  kinds  of  symmetry,  or  two  or  one  of  them, 
I  by  cunihiiiing  ihent  in  every  possible  way,  thirty-two  difTerent 
n  ai-e  obtained. 

All  the  crystals  which  occur  correspond  to  ono  of  these  caae&> 
that  by  the  application  of  the  principle  of  symmetry  a  complete 
tem  of  all  possible  cryettilline  forms  is  obtained. 

257-  The  Seven  Systems  of  Crystals. — Into  all  tli*^>  cases- 
reyer,  we  cannot  cuter,  t^ut  mu.'it  voiiteiib  uarselves  iHth  tin  e^ 
iliaatiou  of  seven  ot  the  larger  groups.' 

0»iiig  to  tfie  hB<esaiiy  fot  tireiity  the  ehiet  cbATMVingtki  of  UiMe 
utii;at«l  :  t\ity  itunDOl  h«  •te^.^Hbe'l  eiCMtly.  A  clear  umI  aosiiolc 
itiod  in  GraltL'i  fhgnlatlUeMe  Kn^aUographit  |LfipQg)L 
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Crystals  possessing  the  least  symmetry  (no  element  of  symnul 
or  a  binary  symmetry  of  rotation  and  reflection)  are  called  tridi 
The  simplest  form  of  this  is  the  oblique  angled  parallelopiped  (Fig. 

Crystals  with  one  plane  of  symimtry   are  called  monodinie. 


Pio.  Ni 


Fid.  S3. 


simplest  form  is  the  parallelopiped  with  four  rectangular  and  t 
oblique  angled  faces  (Fig.  82). 

Crystals  with  two  planes  of  symmetry  perpendicular^  to  one  anod 


Fin.  84. 
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are  called  rlmiibk.     Their  simplest  form  is  a  recUingular  imrallelopipW 
(Fig.  83). 

Crystals  with  a  quaternary  axis  of  symmetry  are  called  .qaad\ 

'  \V^^en  two  planes  of  symmetry  are  not  at  right  niiglps  to  one  another,  a  tWld  ' 
of  symmetry  is  required  by  tlie  relioctioii  of  the  one  in  the  otlier,  and  by  tlw  f*- 
of  this  thinl,  a  fourth,  etc      If,  therefore,  more  than  two  iilaues  of  Byinni«tr»   ■ 
in  a  straight  Jine,  are  to  be  excluded,  tUey  m>i»\.  >«  ^ervwudumlM  to  ona  hh 
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Etmfilrat  fonn  la  »  rectangular  imrEilleIopi|M;d  with  (juaOrutic  laae 

with  a  tenuiry  axis  of  symmetry  are  called  trii/ofutl.     The 
fona  w  »  thr«i»-Hde(l  rij;lit  jiriFTn  (Fig.  SS). 
fiCkyitels  wilh  a  wiiary  axis  (if  rniiainn  arc  tallefl  hfxagimal.     The 

fonn  le  ihp  3ix-9Hli>(l  I'ighl  prism  {Ftg-  ^C}. 

C^TsLals  with  three  Isinary  iixus  of  symcietiy  pcrpciidiciilar  to  one 

nnt)  also  e^iiertlfnl  ire  co-IIpH  rfyniar.      By  eigiiiviileiit  i»  Tneunt 

,  tlie  cryeUtl  alvntj's  pre-seiits  the  siime  shape  vfhfii  it  is  turned  so 

its   Kxea   t>J  sj-mnietTv  assiiTno  positions  previously  ownpiwl  Ify 

r  »xf«  n{  symmetry.     The  Bitnpket  foim  of  the  regulfir  crystals  la 

cnV  (Fig.  87). 

SS."-.  Derived  Forms. — Bonifies  thu  simplest  forms  just  mentiont-d, 

«rc  nuuiy  otlirra  lieriva-ble  from  thom  geometrical  I  j,  which  nhry 

ikvB  of  symmetry  valid  for  the  particular  kind  of  n-ystal. 

Tfc^   pfKsibiliiies    which   arise    aj-e,    however,   so    nnnieroua    that 

nuinol   be  tri-atetl   hure.      We  shall,  however,  state  a.  law  which 

their  mutual  con iiet-t-inn  clear. 

inc  a  large  nuiiilter  of  Bmall  cryatala  of  one  of   the  Hiraplest 
itioaed  above,  and  all  of  t.h«  sume  size,  to  he  given.     By 

these   in    a   regidnr 

achpr    forms    cnn    be 

;»Ifc      From  a  niinil^r  of 

[Cabea,    for   osHmpli;,   t)iL> 


rn  in  Fig.  88,  whtt-h 


n«  an  oi-tJihi'dri;iri, 
be  built  up.  U  is  only 
to  iraagino  new  planes 
.  tfaronifcli  the  corners  of  the 
teaching  these  comera, 
,  vbi  •moiinle  to  the  siinie 
.  (MM  imAgine^  the  eubei}  Co 
raall  ib.it  tho  unevenneKB 
I  by  ih^  r<Hentnint  corners 
Ino^r  be  noticed. 
Tke  law  in  ipiestiou  slntes 


VU:  se. 


^  a  svlisttnuc,  am  be  huH  up  in  the  nuinner  drscvUied  from  small 
if  Oit  mnjiUnt  forrr^  lite  fsmiiiikn\s  of  sywmrlry  htiiig  at  tkf  snme 


Th«  law  Btated  here  can  l>e  espresited  nmthematirnlly  in  various 
What  we  hnvd  aaiil  will  he  sufticient  to  show  thut  tho  crj'Bta!- 
of  B  pix-cn  siihstancc  can  l>o  ehnrnctoriscd  by  the  etJitcmcnt 
i'Ttn 
■  Olher  Properties  of  Crysta.\z. — Aa  haa  a.\reai\y  \>een 
Itinoxd  on  p.  I'frV,  .til  the  proiterties  o/  crystals  which  citn  m  ail's 
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way   Lecome   (.iejiendent  on   the  direotion    in   sjmce,   have   a 
orientfttioTi.     The  i^uestiuii  arises,   tUei-efore,  whether  any  coniw 
exists  between  the  cxternKl  ahapt^  of  the  crystals  und  the  oriemt 
the  other  propertias. 

The  anawer  is  that  such,  a  connflction  certainly  yxiets.      It  <■« 
stated  thus :  The  aiiminririi  in   Ihr  tirmjhfifinrni  nj  tJu-  titkrr  }>Top 
(ttimifx  cmtoined  in  the  symmetry  rfiitlhns  nf  flir  rrlrrval  finin. 

htit  us  cake,  as  nn  cxampk^,  a  chetnical   gtlionomeooit  which 
occuTR  ill  tho  <!ase  of  hy^Jrated  epyetjits,  viz,  '•Jporssreiue.     This 
in  the  water  evaporating  iit  diflerciit  points  of  the  crysbil,  n  fxmf 
containing  less  water,  wliieli  oui  he  iHstiiiguishwl  from  the  inninj 
tioii  l)j  its  different  colour,  rcmainiiig  behind  aa  a  powder,     [f 
efflorescence  is  allowed  to  take  place  with  such  precautious  &s  toi 
the  foraialiou  of  dctachtd  s\wts,  it  cun  lie  eatiihlishsJ  that  the 
of    (itUornscence    aesunie    (onus   which    have   the  siimc    propertjfl 
regurda  5ymuit!ti'j'  as  th«  crystal  ionus,  aad  the  position  of  Tvhio&l 
corresponds  to  these  forms. 

If  the   cryeUil   is   rtt/ukr,    the    efflorescence   figurs    ie   alwai 
sphere,   for  in   regular  crystals   there  iirt'   throe    planea   of  syn 
pei"pciidi(;idar  to  uno  another  and  fiitiivalent.      Of  the   shupM 
ticiiied  as  occurring,  the  sphere  and   the  ellipsoid,  the  sphere  isl 
only  ciue  through   which   three   cjuivalent  perpendi<:n]af  pi 
symmetry  can  Ite  laid. 

The  crystals  of  the  t/'i'jmaJ,  (jvuttralic,  and  Itexajoiud  BystemB 
one  axis  of  symmetry  in  which  three,  four,  or  six  planes  of  syi 
lie.      An  ellipeoid  wbic-li  can  be  dividecl  i)i  this  way  miwt  be  a 
(trill/  otic,  i.f.  an  L-llipaoid  produced  by  the  rotation  i^f  an  e!lips<? 
OBe  of  its  ax*s.     This  axis  of  rolfilion  must  coincide  iiTth  the 
symmetry  of  tliu  crystal,  since  it  is  oidy  in  this  way  that  the  cllip 
can  be  divided  by  the  corresponding  planes  of  symmetry  iiilo 
three  to  six  identical  portions. 

It  is  not,  possibly,  however,  to  distingiiiah  tn-,  tetia-,  or  hf 
crystals   by  the   difference   of    the   ellipsoids   of   efflorescence.     Ffl 
monoitxial  ellipsoid  may  contain  any  number  whatevi-r  of  plana 
symmetry  laid   through   its  axis  of  ratation.     It  makes  no  diffe 
therefore,  whether  there  are  three,  four,  or  six. 

Kcaides  the  monoaxial  ellipsoiil,  there  ia  the  triaxiab      It  i«| 
duced  hy  ihe  rotation  of  on  ellipse  about  one  of  its  axes,  lli« 
axis  being  lengthened  or  shortened  during   the   rotation,  so  tli3 
ends    (and    at   tlie  same    time   aho  all   other  points  of  the  elJ| 
descritje   iii>t   circles   bat   cllip^u^.     Siieh   a   form  bus  thnr  plana 
symmetry,  which  aR'  determined  by  the  axes  of  the  yeneraliiig'elli| 
and  arc  peiTieatlieular  t«  one  another. 

The  Bnme  symmetry  relations  are  also  met  \Tith  in  the  case  of' 
rhtuiiiic  uryaUila.     It  is  to  be  expectetL,  therefore,  that  the  e(H<ir 
forms  of  ihe  rhombic  crystals  wiW  \jq  xc^ivftseftteA  \i^  \:c\a.xia,l  elli  [ 


of  ■j-mmclry  nf  which  coincido  witti  those  of  llie  crj-Btallitio 

Tlus  coaeltleion  is  confirmed  in  every  case  by  e:tpei'it-ii(.'i.'. 

Um  cue  of  moTiix'linio  orysiJils  only  ntic  plane  of  syniiuetry 

Only  one  of  the  tLree  planes  of  aynimetry  of  the  clliiiAnid, 

am,  can   \ie  determined  b}'  the  crysLdline   Uirm,   nmi   the   two 

^M  iniiettfrtuiiiate,  i,£.  they  lie  in  n  ninniicr  'n'hicL  is  d«pctidetit 

|Hbtr«  uf  the  crystal  but  tiot  on  its  form. 

the  caae  of  trieiinic  cpyetjils  there  is  uo  plan*  of  symmetry. 
Dipaoid  of  offloresccnce  is,  therefore,  entirely  indepemient  of  the 

10-  Generalisation. — What  has  just  been  state<l  for  efflorescence, 
ftl&u  tor  m.:uty  othtr  prnpertics  of  ciyatals,  viz.,  for  all  thwe 
<  •miivvment  in  the  crystal  cin,  in  the   most  general  ca&e,  be 

Khy  a  trinxial  ellipsoid.  Under  this  dt'tinitioii  come  the 
of  light,  of  bent,  of  electricity,  the  changes  of  form  by 
bU  sides,  nnd  atill  other  i>ropcrtieg.  The  most  important  of 
n  thn  tnmsmisaion  of  b'ght,  for  tlii.'  optiml  propertie.'i  of  crystals 
)eer  ■   'I  to-  a  thoronyh  sciomiiic  investigation,  an'.l  arc  nst^d 

t  iiii  ■   .'in  of  the  crystalline  syatt'm  in  those  cases  where  the 

■1  'iu4>e  giree  nu  ioformatiun  or  no  complete  infornintion.     It 

Kiwi  generally,  that  every  opticiil  pheiioinetioii  in  a  crystal  is 
tli«  symmfllry  relations  esptained  above,  and  ihat  from  the 
Q  of  the  nature  of  the  symmetry  of  any  opti<al  phenomenon 
»er,  •  conchiJiioii  eiu  \k  drawn  as  to  tho  erystidlinf  syetem, 
t  lite  UmitA  stntetl. 

I. 

^phe  Compounds  ofSuphur. — Sulphur  is  capahle  of  forming 
IBmh  with  Atniu&i  all  elements,  in  some  ca^of  in  very  difl'ereiic 
nioDa.  ^MoTG  espci'itdly,  ull  ni'iais  foiTn  with  sulphur  cuni- 
!■  which  Iwive  geiiei;illy  a  similar  composition  to  thu  eoiTe- 
oxygrn  coiDpoiind-i,  sjid  w-bich  tu-c  called  suiphidcs.  Many 
iir  fiimnditnlly  in  EiHtiire  and  form  sourcos  for  olitaining 
uid  ilflu  sulphur. 

r,   iidjibnr  fonns   a   nuniber   of   acids   with    hydrogen   and 
iof  of  these   btrin^  guJphtinc  »a\i1.     The  salts  of   llii-e 
ite«,  also  occur  wiJely  distrihnced  in  nature,  and  lind  n 
ition  in  the  irts  and  in  mcdioine. 
oneself  of  the  power  of  sulphur  to   enter  into  eom^ 
ftke  following!;  oxpcnmc-iit?  may  be  p«rforiuod.     Heated  in 
Ipkur  harm  with  a  blue  tlame,  forming  an  oxygen  compound 
t)a,n%  buuiW,  snlplnir  dioxidis,      A  mixture  of  enlphur  i»iid 
|niriion   of  -1  parts  to  7,  bcL-omea  inciHidosCeiit 
_      _t\  ■;  ■!.  the  Bn)/>hiir  comhiiiing  \v\%\\  the  ivon  to  ioriKi 

,  iSMg-like  lOAss  (if  iron  salp^iutt-     If  siiiphur  be  heated  to  \jo\Vl\vg, 
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in  u   boat  tube  ami  stripe  of  tliiti  copper-foil  bo  inlrodiiceil  int 
vitpciur,    the   copper    hucniues    iiicfiDdescent    and    combines    will 
sulphur,  also  forming  a  black  compound.     Metallic  mercury  coi 
ivith  sulphur  even  at  room  lenipemtiu'e.     If  1   part  of  siJpl 
I'lihlicd   togethci'  vritli  ^   piirts  of  mercury  in  »   mortar,   combii 
Uikes  place  iritli  forniritioii  of  uicivcujy  sulphide  of  .1  deep  black- 
Likewise,  silver  combines  with  sulphur  even  at  ordinary  temperatl 
silver  coins  find  other  objucta   of  silver   nipiclly  betorue    Idack- 
pocket  in  which  sulphur  matches  have  laiii,   the  small  tmautitl 
sulphur  present  eombiniiiff  with  the  silver. 

i>G2.  Sulphuretted  Hydrogen.— Siraihvrly  to  cLIon'ue,  bf 

and  iodine,  Hulphur  c;iii  cnmJjin-e  with  hydrogen  to  form  ;ili  ariiS. 
is  called  hydrogcti  sulpbid*  or  aiil]>hurctted  hydtoguu.     At  otk 
lemperaHu'es  it  is  gjiHetius,  but  ciiii  he  condeuaed  by  pressure 
to  a  liquid  whicii  Wih,  under  ntmospherte  pressure,  fit    -  G-l'. 

The  moliir  weight  of  sulphuroiied  hydrogen  k  34  ;  it  com 
pa,rts  <>f  sn!|iihiir  to  '2  parts  of  hydrogen,     Sincu  the  combining 
of  snEphur  is  3:i.  the  formula  of  sidphurctted  hydrogen  is  H,S. 
the  halogen  hydi-acids,  sulphuretted  hydrogen  tontjiiiia  tiPo  conill 
weights  of  hydrogen  replaceable  by  metals,  and  in  conscijucnce 
there  15  (iri  essdrit.ial  dift'erente  in  the  combining  power  of  this 

iiGS.  Dibasic   Acids.-=-If  we  consider  wbit  compouuds 
formed  whou  tbu   liydri>^en  of  the  aulphurettf.d  hydrogen  is 
b)'  meLils,  If. I/,  aiiilinm,  wc  find  there  are  Iku  tlifferent  salts  concetV 
according  as  only  otip  combining  weight  or  Ijolk  «;omhiniiig 
hydrogen  are  replaced  l»y  metal.     Expressed  in   formulit-, 
*;xpect  the  tomimunds,  NaHS  and  Na^S.     As  a  matter  of  6iet,1 
compounds  ar'e  known. 

To  distinguish  it  from  the  acids  which  contain  oidy  otift  «ob 
weight  of  n^phiceable  hydrogen^  which  ciin,  thei-efore,  rctict  witbj 
oiu!  combining  weight  of  a  base  to  form  n  sftlt,  »nd  which  arc  ■ 
monobasic    iiciils,    snlphnruttctl    hydnjgcn    is    oalloil    a    dilntsit 
Genenilly,  a  dlLk'tsic  itcid   i:^  one  which  contains  in  a  muEe,  two  < 
bining  weights  of  replaceable  hydrogen. 

The  aiilts  of  dil>asic  ncida  in  which  both  hydroirens  are  re; 
by  metjUs,  are  cJilled  iimlml  or  mmiml  salta.     Sulta  which  coritAiul 
one  combining  weight  of  nieliLl  along  with  one  hydrogen,  and 
therefore,  still  cinitjiin  the  chantctenBtic  conijK>nBnt  of  iicids,  hyil 
are  called  or  til  siUtB. 

Tliu     former    «re   also    called    sewndart/   and    thfl    latter 
Further,   they  are  ilesignatcd  by  using  the   Greek   numerals 
and  di-,  which  refer  to  the  numl»er  of  combining  weights  of 
(not  of  hydrogen)  present;  monosodiura  sulphide  is  iho  salt  Si 
disodiuni  anlpliide,  Na.^S.      finally,  compounds  cotiLaiiiiiig  the  g| 
JIS  are  called  JnfifmsnJphvlen  ,■    NallS  is  sodiiuii  hj'drosiil|)hide. 
these  terma  are  in  use  side  \>y  side. 
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!N»4.  The  Ions  of  Bibasic  Acids. — Whcr^As  moaoUisic  acid« 

dMuoatr  iiiUi  ions  in   orilr  onu  u-xy,  two  rliti'eri^iil.  i'e<ictkiii!4  nre 

in  the  case  tit  tli«  dilmsii:  uehU,  yielding  two  dilVoreiil  kinds 

Tbe  dtasucjation   occrars,   in  thtt  first  placf,  according  U) 

HjA=H'h.HA'. 

A  ia  Uio  div-nI'L-ut   nnioti    of    the    add.     That   la   to   say,  a 
It  saian  HA'  is  formed  along  wilh   liydrion.     This  process 
idft  axacUy  to  the  oidiiiaiy  «lt:ctruLytiL'    diaaocmtiati   of    the 
acids. 
[A  oew  reaction,  howover,  then  wturs,  vie.; — 

HA'  =  H"  +  A", 

nMHiov«l«nt  anion  tuidergoitig  a  further  disaociulioii  iQtQ  hydrioc 
tb«  diTvlcnt  anion  A."     The  reiiction 

H.A  =  2H'  +  A", 

might    be  r«pirJcd   as   Uiat   directly    taking  plagt;.    can   be 
oC    Afi    tlie    result    of    two    professes    occiirritig    one    nftor 

ft<]n*r>iis  tolutioiis  of  such  acida,  ticrufore,  always  contain  two 
ind  the  different  acida  are  distinguished  by  the  extent 
rh  ■I':!  or  other  [M-wues  trices  pljioe. 

X^  dLdOLiulJoD  uf  ft  dibasic  Acid  into  it^  ions  always  begins  M'ith 

*•- ■i'lii.      If  tlic  acid  is  not  very  strong,  this  proecss  graiitly 

^;id  the  second  stage  of  the  diwMjation  Ukes  |tUee  ixdy 

jrce.      In   other  words,  such  ucids  behuve  exacily  like 

.-,  diaeocifitiiig  into  bydrion  and  a  nionov.-Jent.  union. 

otlicr  hand,  if  the  atiiJ  is  very  strong,  the  ion  HA'  further 

mto  U    iind   A",  and  the  solution  will  prinoiimlly  contain 

'>t  Lun. 

Intion  of  an  acid  anit  of  a  twal'  dibasic  acid,  hnving  the 
1 IIA.  foritiB  the  iuna  M"  iiud  HA',  and  iia  the  httter  possesaee 
■  Lirifin  only  in  a  slight  dej^rce,  only  a  small  part  of 
i.ilc  fiirllier  intti  A"  and  H".     The  acid  salt,  there- 
fare,  i]i]>roYini»lcly  like  a.  noutral  salt  and  reucts  foobly  acid, 

BFOtiJ..    eunsc«|n<:nce  of  hyJixjlysia,  p.  250)  alkaliuo  in  proportion 

•t  tli«  arid  dacreias^s  in  strviigth. 

If.  however,  we  have  a  salt  of  a  atmng  dihaaic  acid,  the  ions 
-lid  HA'  arc,  it  ia  true,  first  fornix),  but  the  latter  undergoeB 
iuihrr  i]is«<)ciikU'in  inuj  the  ions  H'  aiid  A",  The  eolutiwn  of  such 
I  ^t  crmuina  the  ions  A",  M*,  and  li .  Uydrion,  thcrefurt-,  is 
trcmint  in  c(>i]i}iarativo1y  large  amoiintt  and  the  solution  behaves 
innei|al1v  liku  the  iu)hi[iL>o  of  iin  acid. 

Aft  oMAtuf/e  v/tire  iirgt  case  is  afforded  by  sulphuretted  hydtogjitv. 
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even   tho  priiafLry  salt  of  which  nndfrrgoes  bydmlvsie   nnd   iher 
reacts   alkaline.     Wc  shall   jirosienlly   meet  with   mi   cxiimple 
second  case  in  sulphuric  nclii. 

*  On  dissolving  the  nentral  wilt  M.,A,  the  ionts  2M"  and  Al 
diroctly  formed,  and  in  the  ciise  of  sti-ong  iicida  tbe  matter  rests 
In  the  case,  Lowever,  of  u  dibasic  iicid  in  wliich  the  sccoud  lYis 
is  only  slight,  a  revorse  action  appears.     Since  the  ion  AH'  is 
raoru  ataUii  than  the  iun  A",  there  is  a  U^iidency  for  tho  former 
prodiicml  at  th«  expense  of  the  latter.      The  hyrtrioii  which  is 
in  sranll  .iTuonnl  thrniigh  the  dissociation  of  the  water,  is  drawn' 
to  fitrm  this  ion  according  to  the  eqnalion  A"  +  H"^HA'.     Hyil 
is   thereby  used  np,  .'Lnd   the   correapomlirg  iimount  of   hydrox: 
remains  over.     This  is  n  process  very  similar  to  thsit  of  the  hydt 
of  the  salt  of  iv&ik  monohisic  acida  {p.  :i.^0),  the  effect  of   whio 
aJso  that  an  exeesa  of  hydroxidion  is   finally  present.     The  sol« 
therefore,  iicc|uirt:s  an  alkaliae  reaction ;   it  turns   red   litmus 
blue,  and  phenolplithaleid  red. 

■2Qd.    The  Salts  of  Solphuretted   Hydrogen.— The 

diJieroriea  cjin   be  very   cleudy   observed  in  the  e;iio  of  Bulphi 
hydrogen.     Tho  "iidd  "  .lalla,  <:.</.  N»IIti,  in  aqueous  solution,  1* 
almost  neutral  to   litniits ;  tlio  noniial  sjdts,  e.t/.  Nii-.S,  however, 
etronjrly  alkaline.     Thia  in  due  to  the  fact  that  HS'  belmvi;s 
exti'ciuely  weak  acid.      In  the  solution  of  the  sodium  salt  Niilif^ 
ion  proHenfc,~'HlH',  is  90  slightly  diseociaied  that  tho  reiicliun  of| 
hydrion,  the  reddening  of  litiniia,  ia  not  visible.      In  tin 
tho   normal   salt,  hydrolysis   {rt<U  fiijn'tr)   occurs    to   a    1.. 
according  to  the  equiation 

8"  +  H.O  =  HS'  ^  OH'. 

The  bydrojddioii  iormod  rs  the  caiiao  of  tho  ttirniiigblue  uf  red  Ut 

or,  in  general,  of  tho  alkaline  reaction. 

•  The  relations  described  here  fire  very  frequently  found,  and  1 
only  with   the  relative  stroiiglh  of  the  dibasic  atids  with  rosf 
tlieir  two  hydmgeri  ione.     More  egpotiinlly  is  liydrolysia  of  tho  no 
salts  of  very  frequent  occurrence  in  the  case  of  diii«sic  acids  of  me 
str-engtli.      Hcn«   arises   the  contradiction   that  the  salt*,   which,] 
account  of  both  hydrogens  present  being  replaced  by  inct.iU,  .tro 
aeutral  OAlt^,  do  not  react  neutral  l^ut  alkaline.      It  is  preferably  lb 
fore,  to  USB  the  terni  normal  salt<s,  or  one  of  the  other  names  gi^ 
on  p.  270, 

2fi6.   Preparation. — Kniphuretted  hydrogen  is  obbainefl  hy 
decompofiUioii  of  it.'i  -siiltd,   the  metallic  sulpfudee,   by  sH'onycr  Ad 
Thus,  it  can  lie  obtained  from  the  two  sodiutn  salts  of  BiilphureC 
hydrogen  by  mcanB  of  hydrufhlorie  ncid,  according  lo  the  equation 

N,wS  +  -21101  =  2NaCl  -H  II,S, 
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>  (.'itn   he  seen  ftoni  th^  secoiiti  equittion,  the  »ci(l  a-Ai  h  LhL'  niore«^ 
onomical  for  the  preparjitioii  of  aiilphurctEecl  hytlrogun,  since  for  the 
me  iimoiint  of  salt  onlj'   hnlf   the  amount  of    bjdrochloric  acid  ia 
quired- 

On  account,  however,  of  its  chenpiiaas,  iwn  sulphiile  is  gcneraUy 
ed  insteml  of  sorJiiim  eiilphiile  fnr  th<!  preparation  of  aulphtlfettpd 
iJmgen.  Vt'e  hiive  ;ili-ea<]>-  got  lo  know  this  substance  hs  the  pro- 
ft.  of  the  iiitcTJietioii  )>L'lweeii  siilplmr  iind  imn  (p.  L'SW) ;  it  is  also 
epai'«d  on  the  large  scale  in  ri  sioiiliir  Diuniier.  Under  the  itiHuence 
hydrochloric  acid  the  following  refictinn  takes  place  :— 

FeS  +  2HCI  =  FflCl^  +  H^S. 

The  iron  sulphide  coitsists  of  eqiinl  combining  weights  of  iron  and 
Iphnr ;  the  symbol  Fe  dienotca  iixm.  On  coni]xirin^  the  formuln  of 
la  (jomponnd  *nth  that  of  91  ilpliu retted  hydrogen,  H„S,  it  ia  seen 
K  one  conibiiitng  weight  of  iron  has  taken  i\iii  pluc(^  of  ttcn  com- 
ling  weight*  of  hydrogLVi.  Suuh  uietiils  aie  mdlud  dmtlent,  whereas 
bulls  which,  like  sodium,  aw  repliice  only  one 
nthining  weight  of  hydnigon.  are  ealled  iiwiivmleut. 
ivak'Ht,  and  pol3'vaieiit  metals  arc  ;dao  known. 

Sulphuretted  hydi-ogen  is  prepared  anil  used 
large  qimntitiee  in  the  lalH>ru.t(»ry  011  account  v( 
i  action  on  niuUtllic  sidta,  which  will  he  presi^ntly 
[litionod.  For  its  prejwration  on  n  toKijmra- 
rely  small  scale,  the  appiiniLua  dtisciiljcd  on  p.  87 
n  lie  used,  iron  siilphiiio,  in  Im-ge  pieces,  being 
b'ocluced  into  the  lower  part  and  decouiposed 
th  hydrochloric  or  Bulphiirle  acid.  Where, 
wever,  larger  quiintities  of  sidjihurettcil  hydn>- 
a  are  regularly  required,  the  ap]*!Lratua  shown  in 
g  H'.i  will  be  found  serviceable. 

Thie  conaista  of  three  bottlcfi  with  tul)iihirea  at 
0  biitloni.  placeil  one  alinve  the  other.      From  the 
bottiti    a   tube   passes   to   the    bottom   of   the 

Idle  one,  and   from   the   neck   of   this   a   tube, 
ing  K  pinch-coi'k,  piiHsea  to  the  lowest  bottle, 

ich     is     tilled    with     iion    snlphidc.     The    snl- 

relleil   liydrogei!  ia  led  away  thi'ough  a  short 

e,    fAti'i    Htted     with     a    cock,     which     (Kissefi 
ugh  the  doubiy-boreii  cork  of  the  lowest  Ixiitlc. 

If  the  tO|^  iHjlde  be  lillcd  M'ith  dilute  hydrochloric  ucid  und 
cocks  opened,  the  acid  hist  tlowB  into  the  uiiddie  bottle,  and  (' 
it   pafisea  in  drops,  by  swila'^k  regitlatioii  of  the  eocl(,  to  tl" 

ipbide  in  the  lowest  buttle.      The   sulphnrotted    hydrogen   i 
,ltved,  and  ftin  be  led  O'tf  through  the  i?eccnd  tuW  to  be  i 
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ably  small,  vaijour  preasim-,  ao  that  the  kiv  of  tl 
rogarderi  as  valid  for  all  aubatancee.  This  ib  alan  ' 
Ui  l>e  the  case  (p.  Ja'l). 

The  assumption,  however,  must  remain  fulfill 
wliii.'!i   is  (iistrilmted  uiidpi'f^opa  inj  cheniii-al   chr 
vents.     In  such  ik  oa-ae  thu  law  of  distribution  nc 
but  the  law  of  Henry  also  loaea  its  validity  {p. 
close  ctiiinection  lietwuen  tlie  two  juws  is  siferi, 
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hydrogen  is  iiol  a  stiong  acid.      It  can   l>e  : 
iH[iieotis  sulution  by  boiling  or  by  mcflus  of  a 
which  ciiTiiiot  be  done  in  the  cuse  of  the  soliilr 
acids,  such  as  hydrochlonc  iicid.     Its  siiltg,  «!' 
by  other  hciJs,  as  is  evident  from  the  doscni 

The  determination  of  the  electrital  eon*' 
tiuns  of  sulphuretted   hydrogen  yields  very 
it  may  lie  coiioludeil  ihiit  only  »|uile  si  snini 
paased  into  ions,   the  greater  poniou-ln- 
sulpburalteii  hydrogen,      \A'ben,  therefoit 
come  bogetlier  in  aolntiou,  they  at  oner 
of  Ignite  a  small  residue,  to  form  undisBU^- 
and  if  the  concenti-afcinTi  of  thia  is  gn; 
solubility  unriei-  atmasiih'Oriu  pressure,  (!.■ 
of  bulibles. 

A»  a  luattar  of  fact,  in  the  evdi' 
sulphide  in  nolution  and  bydrochlorie  " 
be  assumed  : — 

NiL.^'  4-  2HCT  =  3? 

or,  since  on  both  sides  the  sodion  am 

S"  +  2H' 

^71    Theory  of  the  Evolutir 
from  Iron  Sulphide. — ll-w  in- 
the  gjs  from   hydroi.-Iiloric  acid  af!> 
generally  rogEipded  as  iiu-^Jii >•!'''     '■ 
is  Hid    iuBoluble,    although    ii     i 
solubility,   however,  is  suJlieiout   ' 
the  solution  idoug  with  diferriiHL 

8" 

takes    place,    more  iron  bu||,1i 
repeated  ao  long  as  iron  snij^!' 
Only  when  the  conten Iralion  ■ 
and     I  hat    of    the    diferrioii    - 
odtftMished,  and  the  evolmioi. 


■  ■["iiinr  <'i'i"i  ' 

1 1  lodid" 
In  the ' 
Lht;  aiiiphiu 
imlidc,  cnii*> 
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On  Ijeinj;  limited 

lUr  antl  hydrogen. 

i.-<J  under  the  same 

■aling  with  y.  chemi- 


drogen.— Siilphurptted 

■  'iiilijhiir  flamo.      If  the 

,v  wrIIb  of   the  cylinder 

hiir.     This  is  due  la  the 

utrogen  iiiiitea  mud]  more 

tlous.      Therefore,  if  there 

cylinder,  only  the  hydrogen 

II  this  aiae  (ilso,  tlje  sulphur  is 

"ric  division 

iydxogea. — That  aulphurotted 
I'lilent  hy  the  experiment  juat 
in  be  proved  )>y  converting  thia 

\k,  e.g.  mercury  oxide,  ie  huated  in 
'igea.     The  foliawiiig  reaction  then 

II^'S+H..Il, 

■  I    imd  water  an-  formed.      The  latter 
•AAd  recBivor  and  identified  hy  it-«  pro- 

'ilphuretled  hydi^ogon  ean  be  sst  free  by 
...|v  divided  copper  ia  heated  in  n  current 
ibfl  following  renction  takes  place  : 

Cu-ChS 

•'  'iiid  bydrogen  arc  produced. 

•  i-dinpoBirig  sulphuretted  hyirogeu  with  formii- 

I     )".-h>ngB  aitjo  to  the  noble  metals,  QspodaUy  to 

For  tliis  reason,  silver  objects  l>8roniP  lilatk  in 

•uiiiig    9ulphitrett«d    hydrogen,     To   t 

ln^nitig  of  silver  spams  which  coma  in 

I'll  ogg-diebfiA. 

i-llides. — 'N^'^en   a  solution   of   Kodium 

■th  Mtlphiir,th6  latter  dissolves  nnd  thel" 

■limr      By  evapfinitiori  wf  the  snintii 

.  ill  Nti,8j  can  lie  ohtnined  in  the  i'ry«t 
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wlioii  difciTJoii  .'iiid  (liaiilphidion  come  together  in  ^nlutinii,  that 
[>oiitid  being  formtid  accordiii}!;  to  the  f<|ua.titiii 

Fe "  +  S"  -  FeS. 

This  (iccura,  foi'  HXatuplu,  when  u  aohitjon  of  sodium  aiilpbitti'  is 
mth  one  of  ferrous  chloride- 

Nft^'S"  ^  Fe"  Cr,  =  FeS  .  -iNaCi'. 

I'or  thia  ri3»80ii  ii  hliirk  precipitate  nf  iron  anlphidc  is  ohtaiiiod  ni 

those  condilione, 

Tlime-  diffiralihi  siiliil'lr  mcitdlir  suljifiiilcs  Vfkkh  iwr  wl  jirrciiiU'itrd ^ 
nci'l  mliitmi   hy  sitlj'Inn'cHni  h'jdrogrn,    rjiii  Im  jtf'Hjntiikil   frinu  n 
.■io/iili'in    liif  (iiidiiiiri    milfifiidc,    in'    siwUfr  rrudili/   aniulilr   siiljih uUx. 
iR'haxiour  is  also  made  usu  of  in  aiiiLlytical  L^honiimry. 

273.  Siilphuretted   Hydrogen   as   a   Reducing  Agent 

exposed  to  tlu'  iiir,  »  sulllLion  of  iinUi''oiis  fiulplnii'elU.'d   livilruyen 
Incomes  turbid  and  (ifposits  i\   while   jin-cipitiitL'.     Tht-  ]ii|i)id  vri 
remains  is  ]uiro  ivntei.     TJiu  procoss  consists  in  the  oxi<l»Cioii  of' 
eiilphiiirtttd  bydrogc.ii  by  tho  oxygen  of  the  air   - 


2H5S  +  Oa  =  2H^O 


2S. 


The  Rulphiir  Buparates  out  in  a  state  of  very  finr  division,   ;in.d 
tliLTfifon',  th(!  whiEt!  colour  of  milk  of  sulphur  (p.  '2^2). 

By  rwtson  of  this  p^iww  of  combining  with  oxygen,  sitlphnirt 
hydrogen  acts  as  a  reducing  agent,  and  it  is  oocaaiorially  usliJ  for 
purpose  of  removing  oxygen,      Simihu'ly,  hydrogen  compmuids  cuikj 
prepai'cd  with  the  helji  of  aulphurottud  hydrogen. 

^74.  Preparation   of   Hydrogen  Iodide.  —  If.  for  ej 
sul|ih;ii'ettud  liydrogcn  be  piisaed  intfj  wjiLr^r  iu  presence  eif  IoiIjik^I 
following  reaction  takes  place  ; — 


or,  expreeaed  as  ions  : 


HjS +- 21  =  S  4  2HI, 
S"  -  21  =  H  ^  21'. 


That  18,  from  sulphiircttGd  hydrogen  an  J  iodine,  hydrogen  iodidai 
sulphur  are   fomiifil.      In  this  way  an    aqiirnvs   miulwn   oi    hydl 

iodide  cjiii  he  easily  pri.']KU'ed, 

On  tlie  other  hand,  iinsfmix  hydrogou  iodidfj  on  geatty  heating, 
on  sulphur  with  formation  of  io(iiiio    and  Bulphnn!tt<'<i  hydnvgcn 
The  eiiitse  of  tliis  diffcrmice  lies  in  the  fiMNt  that  in  the  furmcr  eaBCl 
liy«b-ogen  iodide  dissolves  in  water  and  piaaes  into  its  ions.     The  ifl 
of  bydnotlic  acid  are  mnwh  moie  sLidjU-  tlitm   hydrogen  iodide  it 
and  arc  therefore  fomieiJ   under   the  aiiuve  conditions.      In   the  se 
caae,  no  water  ie  present,  and  the  greater  stability  of  the  aulphureN 
hydrogen  compared  with  the  uudiesociated  hydrogpn  iodide,  ciiui 
timt  fafle  the  reversal  of  tho  \injctt64- 


SULPHlTi  AS] 

ompoaitioii  of  Sulphuretted  Hydrogen  by  Heat. 

hydn)g«ii  itself  isblso  mil  wry  stal>lo.     On  ItL-iit^  liii«AU>d 
reil-but  tube,  it  partjally  decomposes  into  sulpliur  iiiui  liydrugpii. 
ihe  other  hand,  sulphiirettiid  hycirogen  is  forme*!  under  tlio  mma 
ititions  iirnij  its  elements, so  thiitwe  are  hcii^  iIimiIIii;;  ivil.h  a,  clicnii 
«qiulihniuii  :i«M)rding  U>  the  e<|iiatiDn 

H,  ^  SZaji 
S7«.  Oombustion  of  Sulphuretted  Hydrogen.     Sui|.lii]rt'ttwl 

Brogcn  rwuliU-  liiuiis  in  tiie  aii'  wit!)  n  \i]iu:  »ul)>li)ii'  lliimu.  If  ihct 
I  toafaiinHl  in  n  cylinder  be  ignited,  th«  waIIb  of  the  cylinder 
momn  covered  vrilli  a  wbiU'  cfMititi^-  of  ^ulplaiir.  Thij«  i»  ihiit  lo  iUi- 
■  that  the  hydnigenof  llie  !iiilpliiirt'tl*<l  iiyilrofit'Ti  iiriik's  mM;;li  iiior« 
tf  'ii   lliie  (ixygcti  tliiin   the  aiiltihtir  tlofs,      Tliet-efine.  il"  lUeni 

_i  ni  air,  aa  in  th*i  interior  of  litP  cytinder.  only  iho  lij'droji^en 
nd  th*;  aDl]>Iiiir  goi^rule^  f>ut.      In  this  caec  also,  llio  nulpliur  iB 
wliiu-  by  n-nwii  ni  its  sifile  of  fiini  diviHinTi 
t77    Analysis  of  Sulphuretted  Hydrogen.    -That.  siil)ihurcttL-d 
I'OiJtiiiuti  t^iilj<|]iir,   i^   uiv,tle   e>vident  liy  iha  ox[i4.'riinunt  jimt 
the  presentt'  of  hydrogen  ciiii  be  proved  liy  cuiivurLinjK  tlii" 

For  thii!  purpose  i%  metallic  oxide,  f.</.  mercury  oxide,  ia  he«.t«<l  iii 
I  u(  dry  sidphuretied  hydrogen.     The  foilowin^  reaction  thvii 

t  i*  to  ay,  mvrcurj  sulphide  nnd  wuier  art-   formed.      The  latter 
bv   euttly  millvcted   in  a  (.-old   recover  niid  identified   hy  tUi  pro- 
it*. 

Fttftlit-r,  lh<  hydrogen  of  ralphiiretLed  hydnjgi.-n  cmi  1«^  »«l  fnw  liy 
all.  For  exunple.  if  ifinclr  dinded  ropp«r  is  hosted  in  a  (.-urrcnt 
nlpbarv'tli'd  hjdro^n.  the  following  reaction  takcB  pljtfe: 

H>  *  Cd  =  CoS  ^  H, 

f  n,  cDjiper  nJ|i(iide  «od  hydnigen  ari?  pmduccfl. 
Ttii*  property  of  dwo^noMng  anlphuretled  hydrr<^pti  with  fomw' 
I  of  mctAllic  ralpUle  hdon^  »1«>  to  the  noble  metals  cAfx^ally  tn 
BTttry  and  tu  lilrw.     For  lb  maon.  lilTer  olijectn  )iiwt»nr  liUck  in  , 
with  air  tamtimm^  aidpbiirettnl    hydrogen.     To   the  maae 
is  doe  th«  Uaefasng  otf  nicer  sfwins  whi^h  c^xdc  iot)j  contact 
tth  Wied  Offft  at  -WTCk  cg^dMliaa 

*'    FdlynlpkM^ — WkiS  >  wlatinn  of  aodinm  mlphtde  is- 
logetlwrviifc  ^^ftac  llw  bttcr  d  iflMilrca  and  th«  liquid  r 

in  enkMtr     Br*  i  ipfiwiiinii  of  ihe  solution,  contpottuln < 
Innrlr.V^^^  -a*  6e  o6eatiMyi  to  tbe  crvKtaUinc  utaXe.  T^ 
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solulions  themselveB  behave  ^nite  si'milariv  to  Lhoac  of  eodium  siilj 
they   condiwt   electritity,  and  are,   thcreforii,   lo  bo  regarded   uj 
aolutions.     The  ions  art-,  on   the  one  hand,  sodion  Nn'.   and,  on 
other  hand,  S„"  to  S.",  or  HS,.'  tu  HS_'. 

The  relations  are  Biriiilur  t«  Lhoae  in  the  case  of  iodine,  wfcer 
ion  r  can  pans  into  tlio  lirown  ion  ly'  by  taking  up  two  further  i 
bining  wui^Lts  of  i£idi]ie  (p,  238). 

Of  the  polysulphidiona  only  S^"  and  S./'  have  liU'eii  fhanict* 
with  any  det;ree  of  exiicliieas  ;  the  lower  ones  Irelave  like  nii.vtui'e 
S"  and  i^^". 

279u    Hydrojfen  Peraulphide. — The    above  solutions 

differently   when   »cterl  on   by  ;ii;ids,  aeeordinj'   a.B  the  aeid   is 
gradiiikily  to  llie  solution,  or  die  goEntion  poured  into  escese  of 
In  the  first  cnse,  suiipluirpttcd  liydrogsn  is  evolved   and   the  exec 
aiilphnr  sepaiatea  otit  aa  niiJk  of  sidphnr ;   this  la  the  nsiial   waj 
preparing  milk  of  sulphur,  sodium  sulphide,  however,  being  repi 
by   calcium   sulphide.       The   reaction    takes    place    according   to] 
equation 

NajS„  ■^  2HC1  =  2XiiCI  +  H,S  +  4S, 

when  the  pentaeulphide  ia  used,  and  in  n.  curreaponding  manner' 
the  other  sulphides. 

If,  however,  tile  concentrated  solution  of  the  sulpliide  be  addfl 
excess   of  liydroc^hloric   iLcid,   no   sulphnrett<cd   hydrogen  escape*,] 
oily  drops  separu.tc  out  and  unite  to  n  yellow  liquid.      This  hul 
composition  H,.S,„  where  n  lies  between  2  and  5.     It  is  called  hydr 
persulphidc,  and  may  be  legaided  aa  »  mixtriirQ  of  the  itcid^  H,S^1 
H„S,^,  in  which  A'Jirjing  amounts  of  hydrogen  sulphide  are  dissolvB 

The  liquid  \s  very  unstsiblc,  readily  undergoiiii^  fljiontiineoiiBj 
composition  into  sulpliur  and  sulphuretted  hydrogen.      It  uxbifait 
this   respect,    some   resemblance    to   hydrogen    peroxide,    for   its 
composition   is  promoted  by  such  substances  as  mechanicnlly  facili 
an   ovolution   of   j^na.      Bilferent'en   are    fotitid   only  in  sy  far  ■»■ 
hydrogen  persulphide  is  but  iipiiriuyly  .wluble  in  water. 

"    2S0.    Thermochemical     Data.  —  SuEphuretted    hydrogen 
formed  from  solid   ilionibio  sulphur   with  ilLivelopment  of  11   Ij; 
solution   ill  water  further   19   /;/  are  developed,  so  that  the   lu 
formation  of  dissolved  sulphuretted  hydrogen  m  30  kj. 

In  the  formation  of  hydrogen  peraulphide,  an  ahsorption  of 
equal  to  22  /{i  iiccomiwtnies  the  taking  np  of  the  first  atom  of  sulp 
In  thin  respect,  therefore,  there  is  ;i  similarity  to  hydrogen   pcrol 
The  rest  of  the  sulphur  is  dinHolvcil  without  Hppj'eeiable  heal  effec 

The  hual  of  neutralisation  nmountB,  for  ilu'   first  etjiiivalent,  to' 
i-it  for  the  second,   to  kcto.      ^'rom   this  it   likewise  follows  thai  l^f 
reaction  consists  eaaenti.^lly  in  tie  formation  of  the  ailt  NiiHS,  or  * 
tJie  ione  Na'  -r  HS',  and  thai  aodwm  att\\>ViMVe  \i\  iWvAc  aoluiioti 
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oijuBiion  Nfl^S  +  H^O  =  l'Nh'  +  HS' 

•  lovf  viihie  tiiat  tbe  fornuition  of  the 

'litiiTLl*(l  bjdrogen,  gives  ^2  -  57  = 

mIi  strong  absorjjtion  rj|  lieut,  wliich 

]iUf«  ill  tlie  citae  of  hydrofluoric  acid. 


li.S  wj.  =  NaHS' M).  +  32  */ 

i)h''  +  h'-h.o  +  57  y 

,  itE  tbc  lowfi'  from  the  upper  aad  omission  of  the 
*H^  (wi,  -  H'HS'  aq.  -  25  kj. 


I  . 


iJ/'Aur  Dku'idr  miil  S'lli'haroita  Acid 

ion. — In  the  conblialioci  of  sulphur  tii  iiir  oi 
tniet]  which  causes  the  well-knuwii  pungent  smell  of 
rwl  is  »  cfjmjyiiunl  of  siil|)lnii' 

illation    is    csimed    out    in    jin 
(p.i/.   in  the  appanitus,  Fiy.   90), 
I  the  vuhiiite  of  th^  gas  is  not 
tnt   from    thiU    of    the    oxjgen.' 
oxygen  is  U„,  the  tvoniiwniind  which  is 
in    equ»l   voIudk;  miiab  n1so   contain 
ing  weights  of  oxygen. 
lar  weight  of  the  gas  hrta  been  found 
\fi4  or  somewhat  over  this,  aecording  ~~ 
anri     te^mpc  rat  lire.       It    containtf, 
along    with     U  *  16  ^  33     parts     of 
2  parts  or  one  co^mKining  weight  of  sulphur,  mui  its  formulu 

'Physical  Properties. — Sidphur  dioxide  is  a  gas  which, 
.t  «ii»l)  pressiUL-s,  i-xliibitB  deviations  from  Boyle's  law,  in  the 
that  as  the  prvsBure  increaacs  the  vohuue  dilniiiisibtjs  more  than 
tigniilly  to  the  preeaure.  Further,  it  can  l>e  linuefied  by 
Rte  pressure  and  cold.  At  atmosphoric  pressure,  the  temperature 
Kzing  mixture  of  ice  ;uid  salt  is  sntficient ;  if  sulphur  dioxide 
Mil  into  a  glass  viessel  aurrontideil  by  tbia  mixture,  it  comlciiae* 
Bry  mobile  liquid  iis  cluar  im  wftter.  In  the  following  table_ 
the  relation  l>etween  pressure  and  tsmpeiftture : — 

I  ■  rule,  the  rolanie  Ia  siiTDcwImt  sntollvc,  U'caunc  ulang  villi  ihe  n^'inyvnc 
tlw)  formed  luime  SO.,,  wliicfa  combines  vitli  tTM^*  ot  iDoidtUin  T'resijtil.  (O 
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ToMl>rrntiirp. 

rrKimri'. 

Tiitnpmnliirp. 

l'n*iifMir*^, 

-ao" 

O'J^  Ktlli. 

-t-5- 

1  '^^7  attii 

-2E= 

o-«  .. 

10* 

2-2t(     .. 

-ao' 

O-M    „ 

15* 

2-72     .- 

-llf 

0-80    „ 

20- 

a-ai    .. 

-w 

1-00   „ 

2.i" 

3-J*4      ., 

-   8- 

1-JS    ., 

sa 

4-,'r2    ,. 

0° 

TM    ., 

10 

111.*.     . 

As  cun  bo  seen,  the  bulling  point  ;it  aliiiospheric  pressiife  is   —1 
The  criticiil  magnimdos  are:  pressure  7!)  atm.,  tempeniturB  ]S7  . 

Liquid  siilpliiir  dioxide  ia  now  placed  on  the  market  in 
cylinders,  similarly  to  lii[ni(!  uhltirino.     In   eitses  where   large  (]t 
ti(!s  ni  the  siibstiincc  iire  rc;*|iiircd,  X.\m  use  of  aiich  cyliin-lers  ii ' 
coHvenieni. 

■1S3.  Behaviour  towards  Water. — Snlpluir  dioxide  dis 
(airly  iihiindfintly   in   wjitcr.      At  highar  tcniperiitiires.   thv   aoluli 
follows  tiij  somB  extent  the  law  of  Henry.      At  niont  teni[{)eraiuii: ' 
v-oUime  of  water  dissoiveB  abiml  50  vulumea  of  aulphur  dioxid*. 

The  aipipoiis  fiolutifin   atriells  strongly  of  the  gas.   whii-Ji   cao 
entirely   oxpolU'd    by    Iwiling.      Towards  litmus,   the   solin.ion   sh 
the  rciictiou  of  nti  i«;id  ;  it  therefore  uontains  Iiydrinn.      Since  snH 
dioxidu   does   not  contjiin   any   hydmgoiL,    thu   nt'id   must   have 
produced    by   the   union   of   it    with    water,   and   therefore    have , 
formula  SO^  +  tiH^O.     The  vrIlu'   of   ii  cannot  lie  a»c*;rlained  b| 
analyaifi  of  the  liquid,  since  this  eontaiuH  excess  of  water.      If, 
ever,  the  liquid  he  nciitraliaed  witi  caiiatic  aodii  and   the  sodium 
of  th(i  iicid  present  prcfmrw!   I>y  (ivupomtiori.  this  m  fontiii   to 
the  composition  Nn,..SOa. 

From  thia  it  is  to  he  concluded  that  the  acid  luv?   the  eomf 
tion  H..SO,,. 

'2Sl.  SulphurODS  Acid. — This  ncid,  known  not  in  the  i)iir« 
ditinn  btit  only  in  srihitioii,  is  onllad  .<:iiijjfi''uviui  iimi.     Sulphur  "Ho 
ifi  Bomelimes  designated  hy  this  name,  but  that  i&  incorrect.      Itafl 
it  must  he   called    s\i!phuroiii   acid   ;uihydride,  beomse   it  is   fof 
from  sulphurous  acid  by  loas  of  water.     As  can  be  yucsst'd   from 
formula,  and  as  is  found  by  analysis  of  the  iiaUs.   aulpliuroua  acii 
a  dibasic  »gi<i,  and  can  form  nnriiiftl  Sfilt^  of  tho  fommLi  M^SO, : 
acid    salts    MHSO^,    where    M    represents   ;i   comlHiiing   weight 
moil o\'al out  mctul, 

2is.i.  Diaaociation  of  Sulphurous  Acid. — In  the  sense  ofj 

coiisidi-'i'alinfis  set  fi.iith  iin  p.  "JJ  4,  sulphurous  :n.'id  is  a  eomparatil 
wuak  acid,  the  aeconil  hydrogen  of  whi<;i  showa  very  liltlu  UMiit 
to  |Hies  into  the  ionic  stJitc*.  This  is  evident  from  the  fact  thatl 
ncid  cannot  He  tilrnted  with  caustic  hocIh  and  Htmua.  Even  befor 
(■f|Uivalcnt  amount  of  buBi^  has  bsen  added,  the  colour  change*  s!e 
tuid  continuimsly  from  red,  through  violet,  to  blue,  without  it  l>cilB 
fJOBsible  lo  cirstiHguish  a  sbarp  ir*mi^oT\.     Xec^x-Axoif^^ ,  vHc  aquoo* 
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siiluiiuii  of  ihe  normal  Bodium  sail,  which  has  boiiii  purified  by  repcateJ 
rciTfiitalh'aation,  uUo  exhihits  mi  iillfalinc  reactimi.  This  itiises  throii,i:h 
the  action   of  the  wu.tor  on  the  ions  uf  tlie  salt.     Acoording   to  ihi; 

Na^'SOs"  +  H/J  =  NallSO^'  +  NaOH', 

tbs  ion  of  th<!  lacid  sulpliitps  HSO^'  is  formed  at  the  experse  of  iho 
water,  hytlroxidion  being  thereby  also  procluceil,  which  cnuaes  the 
cluratipristic  bhie  foloratioii  of  UtmuB.  This  reaction,  however, 
takes  plnoe  lo  &  ]c6&  extent  thmi  in  the  case  of  sulphurHted  hydrogen 
(p.  271 ). 

3S<?,  Bleaching- Action. — SiUplmroue  acid  and  its  ealtt*  jiossew 

■ome  |>ro|jcrtie^  which  art  of  imporlaitce  technioilly.     Sulphurous  acid 

I  bleMhes  vftricHia  organic  uolonriug  Biihstances,  and   is  therefore  iis*d 

I  lor  tht'  decoloration   of  isilk  and  wool.     These  fiubstances  cannot  be 

fblestched  witli  ohlorine,  bec-iuse  they  thereby  become  bard  and  britt-bj. 

Tm  cfHTV  ont  the  process  of  liloiu-iiin^,  the  Hubslances  lire  hung  ii]i 

fill  a  moiiil  condition  in  ehamlx^re  which  van  be  clusud,  and  in  ihcst^  the 

Bnlphiir  dioxide  re<iuired  is  geiiei-cited   by  the  cnmhustion  of  aulphur. 

UTien  after  some  time  the  bleaching  lias  taken  place,  the  Bubaunces 

must   lit   carefully    vvaahed   in    order    to    roniuvu    the   transformation 

products   of  the  colouring  subaLauce.'i  mid    the   excess   of  Bulphiirous 

aad. 

*  This  |»ro]»erty  can  be  I'lcHrly  dt^nii instraU'd  by  phit'irtg  a  iiuinber 
^ of  coloured  flowers  near  burniitg  ttiilphur,  and  cuvering  tiie  wholt  with 
a  glass  bell  jar.     In  a  short  time  all  the  tlowei-8  become  white. 

■  The  Mloiir,  however,  is  not  conipleteiy  destroyed,  as  itt  the  case 

jf  chlorine,  bnt  can  be  restored.     This  tiikes  pbtce,  to  a  certain  extent, 

fipijntjiiicoualy,  on  standing  s>ome  time  in  the  air;  more   ({liicUly   by 

moistening  the  bleached  bloBsoms  with  dilute  aulphnric  acad.     Under 

j these  condjti^>ne.  Mue  colours  which  are  turned  red  by  acids  do  not,  of 

Icoiirse,  apfwar  again  :  in  their  pl.'icc  red  appears. 

2S7.  FliysiolOgriCa.1  Action.  —  Sulphurous  acid  hae,  further,  a 
[powerful  action  on  vegetable  or^'anisni^  from  the  highest  orders  down 
(to  the  moulds  and  similar  forms  of  life.  This  shows  itself  iti  an 
'  iindesiriible  manner  in  the  iicij;;hbourhood  of  fouiidriea  and  chemical 
iwcrks  in  which  snlphur  dioxide  is  generated  and  in  jiart  diffused 
I  through  the  air,  in  the  fact  that  vegetable  growth  more  or  leaa  com- 
[■pletely  dies  ont.  Y.wii  the  eulpliur  contained  in  coal  proiliiees  similar 
lelTecti^  in  towns.  This  imi>ort.int  property  of  suipburons  acid  finds 
[useful  application  in  the  "curing  "  of  wine  and  bocr  for  the  purpose  of 
keeping  away  mouhl  nr\A  other  organisms*  which  would  have  a  detri- 
j mental  action  on  these  li<|U!ds.  Thia  is  the  purpose  of  the  process  oL 
isalphariny  wine  casks,  i.e.  of  burning  aulphur  in  the  iiitorior  of  the 
[which  has  \>&en  in  vogue  from  remote  timaa.  For  similar  )jur 
l&rge  quantities  of  Rulphurous  acid  salts  arc  used  in  lii'vwerioif. 
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As  can  be  sucn,  the  Imjlin;; 
Tho  criiical  mu^itudcs  nr^  :   ; 

Liijiiul  Fiui)iiiiii'  (lidxiili-  ' 
oyliiiders,  similarly  to  Iii|iiT'' 
ties  ni  the  mibshinco  :iri<   '- 
convenient. 

•283.  Behaviour  tov 

fftirly  abuiukntiy  in  w.i- 
follows  to  some  evtont  ''■ 
volume  of  water  ilismilv- 

Tlie  ui|ncoi)H  solnti.        ^^ 
entirely   cx]ielK-il   by   hi^'- 
the  reaction  of  an  aiiil 
dioxiiio  (Iocs   not  oin'' 
produced  liy  thit  nn'- 
formula  SO,. -i-  wll  ,(> 
analysis  of  the  liinii'i 
over,  tho  li(|uid  ln>  - 
of  the  Hfid  int'sr'-' 
the  com  [Ktsi  lion  V 

Kii)tn  tliis  i'    - 
tion  lijm...  "■ 

dition  but  nnU   ;■ 

is  somct inii;.-  "ii-- 

it  must  III'  i-.'iii 

frcmi  siil|jhui>iii-- 

formidii.  and  .,        ■  ^-cti.ef. 

a  dilia^ir  :it:iil,  . 


,-s2«  ri  iaiphur  d 

■:.rA  ii  carried  oi 

■lis  -yi  the  oxygi 

-  :  :;::er  employed 

~y.-  12  aqueous  sohi 

„-   J-J  10  per  cent 

-cn:^  solution  o 

.    r  iiilphur  dioxic 

.:;~r-.aJT,  and  is  em 

-,  ::'•  ■".  is  also  the  m 

,.-.-  :or  hiboratory  i 

^c  ■.ci.'entnitod   sulph 

_i5  -:i  delivery  tube, 

^^  '2?  dropping  funnel 

^  ji;  it  the  same  time 

,,«(.  z:o  wiiter,  which   n 


^fc  ..-iiraurousaeidreadilya 

,.«-.  rhith  has  the  composit 

.,a:j.'.(i*  icid  is  a  rediiritig  a 

^T   3?crssary  for  this  transl 

.j-i  can  also  bo  removed 

f:   aydrogen  of   entoiin^ 

_,:.4  3?H  acts  not  by  witlitl 

.-  :xample  of  this  last  proi 

,  ^..:  VI  ii>dine,  which  takes  j 

.:  -  H.O  =  I].,SO,  T  L'lll. 


„-,■  ci.  into  hydriiidic-  Jiciil.     Si 

at  V  iletected   by  means  of  s 

«  jsrtl  for  the  \ohinictiic  de 

^,,  T  t>f  auIi>hun»U8  acid  with 

■'*     .^,.--  ^ui'h  cmpliiyed,  has  now  bi 

methixlK.     The   inci'nvf 

^   -jat    the    ciiniporiition  of    thi 

^~  .^MiB^'y  'ui<I<'i-^'oi"g  chaiige,  ow; 


acid    sidis    'i\\  ''  

moiinvalcnt  i"-"  '  "  ..^axc  I'J"  the  oxvjcon  of  the  air. 
->'•">.  Dlisi**  '  .„  ■tin'C  "«■''  *^"  ioiline  in  the  sani 
coiisiiliiiiitiLiii— ~  ~"  ijniaje.  but  they  have  the  secirn 
weak  ficid,  ■'•  '^^  "  ,,  ou  oxvfien  of  the  air  tan,  howo 
to  l»a!<B  ini.<i^  —■•***  _^.  ^jjing  to  tlu^  sobition  a  sma 
jiciil  caniiui^  ■•**^  ^pf.  ^v  similar  siilistance.s.  So  .■sin 
v'{uiv;deiil  ^"^  i  ;K '■'^iitl'^  "^  ''"'  solution  is  sut 

and  ■•iHii'  "lli^W**  '^'  undi'ri;(iL's  nu  chanHc  ; 

IHiHKil'lii.  ^*  iMB^***^  **  ''  cnlalytir  nm-. 
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|]|jimxiU8  Acid.     From  the  hot,  concenimti^I  solu- 

Istlfiliit^  of  the  alknli  niettils,  salt«  cl'yeLallUti  uut  whkh 

ttlKinilion  fif   iicitl  salts,   tiecauee  they  contain  no 

mbuduiTi  suit,  mcrre  L'speciully,   forniB  very  readily, 

lave  llie   composit-iori    represented    \>y   the  forniiilii 

.  -iitii|i,u-iii>;  tliis  frjrnjnl"  with   tJi-it  of  ih*  ivC-ld  sul[iltitcfi, 

Rjcn  liai  the  salt  h;w  been  iormed  from  this,  with  iliu 

itta  of  water — 

.tit  AliiOD  vhich  is  combined  vith  pot^^siuni  ia  ihtTeforu 
I  corresponding  nciil  must,  atcwriliinjly,  hiive  the  fnrmulii 
tin  be  ]cK)kpd   upon   as  a  (;om[>o»Md  of  sulphurous  acid 
■  ilioxide — 

BJiO^  +  SO,  =  H.S,0,. 

rt\*er,  it  be  .'itteinptcd  to  prepare  this  aeid  from  tho 
ill,  only  the  onliiiiiiy  siilpimrous  iicitt  is  obtiiiiied.  The 
bi,  rherL-fore,  passes  at  tlie  in^imeiil  a\'  ita  liliemtion  into 
iw:iil.  or,  what  is  iierhiips  more  correct,  the  sidpliuroiis 
[sIm)  contains  smalt  amounts  of  the  ueid  H.^S,0.  along  with  the 
hrjr  will  ;  the  different  forms,  hoivever,  pass  ao  quickly  into 
lUMiter  llmt  they  e^aimot  be  invQstt|rateil  individually. 
"■  "I  H„SjOj  is  called  /iifrimuljihuroiis  add,  a.ud  its  solta  are 
'ilphites.  Tile  uiiuju  ii^  duo  to  the  fact  that  a  similai- 
*Uvc  of  I'liri-ipliftric  arid  liiis  Ina-ii  ubtiiined  by  heating  that  acid. 
-19\.  Thermocliemical  Relations. — Theeonihnatioiiof  sul]>hur 
Menus  dioxide  dwidujjs  i'fl7  kj,  the  solution  of  the  latter  in 
r^  further  'S2  if.  w  that  the  heal  uf  formation  of  the  a<|ueouK 
E*  3^29  <t|.  When  one  equivalent  of  cttiialii;  soda  is  udded  Ki  the 
67  ij  «re  devi'lo[>ed  ;  ti  second  oijuivalenl  jieKIa  further 
Ifrum  this  it  follows  thnt  the  foimatiori  of  tfav  ioiL.s  il'  and 
the  undissiiujatcd  acid,  II.,SI\  takus  place  with  a 
oi  beat  of  more  than  lU  /,■/  ;  aiijci;  the  acid  is  already 
Jv  disvH-iat^d.  th«  whole  amount  of  heiki  does  not  show  tl»elf. 
nctnwl  dissociation,  IISO^'  ^  H  -i-  SO,,",  npjfcars  to  take  piaco 
jlt  »ny  considerable   Ileal   ell'ect.  since  the  beat  of  neiitraltsatioii 

ry  nenr  to  the  normid  57  ij, 
K.  Svi^'hiir  Trioride  ami  SiiipfniTk-  Acid 

-1.    Soiphur  TrioKide.— Although  snJphuL' dioxide  vt,  not  ihe 

Kiiiiiil  i)f  ox>jt;i'n  with  iiui|ihiir,  il  in  (tssenti^illy  ihu  only  one 

:...|ui;«d   iu  the  dircel   interaction,  ix.  in  ciituhusLion,  even 

Qxrcwi     is   present    in    greot   alitindaitct!.     A   higher  oxide    of 
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of  sulphur  dioxide  and  uf 
is  carried  out  by  liurnjng 
of   the  oxygen  in  tbe  »r 
tithfT  employed  as  siich  oris 
»a  iiqueoue  suliiiion  sfitiirat*ii 
only  10  percent  of  siilphnrnns 
^iHBtnted  solution  of  ucid   ^odiam 
MB    at    sulphur    dioxide   on    sfitiiam 
i^Bgrcially,  and  is  employed  for  the 
jjirttioTi  is  also  the  most  convetiieiLt 
^■■ie  ivr  laWratorj'  purposes.     For 
He  eoocentrated    jiilpburic  acid  in  i 
1^  And  d«liv<^ry  tul^,  find    to  iilJou 
IB  ili«  droppitig  funnel.      The  sodiutn 
1*1  at  the  same  time  iho  sulphiirDni 
iat«  water,  which  remainR  twhimt 


^iharousacid  readily  absoilje  uSTj^n. 

■I which  has  the  composition  H^WO^,  aiwi 

Acid  is  n  rrditdug  agent,  Wcauw  ii 


,^^»  weeMtity  for  this  tmnsfoi-matioD  frotii 

can  iilso  he  removed  from  wnter  ii 

hydrogen  of   entLTiiifi;  into    another 

Mltlran  acte  Dob  by  vvithdmwing  otygpii 

lA  rtimple  of  this  last  process  is  affoMfl 

wad  on  iodine,  which  tikes  place  according 

t  jj>  I f  1 1   into  hydriodic  acid.     Since  verv  sni*ll 
tar  MB  )*^  delwted   liy  means  of  st'irch  (p.  ■J.'J.I), 
.r  )•  «3cd  fo'r  the  volamotric  determinanoii  M 
.^ji  Of  of  sulphurous  Jieid  M'ith  iodine.     Tlus. 
jrniucli  etiipluycii,  ha*  now  been  ubandoni 
ent  metliodw.     The   incoDvnniencLi  of 
A  ^  tlwt   th*    composition  of    the    solutions 
^  aa^M^y  iinderofoin^  change,  owing    to    escai 
^s^tfien  hy  the  nxygen  of  ths  air,      Solutione 
.    -.hvch  iw-'l  on  iodine  in   the  same  way,  do  m 
^  _i— 1~    l"it  they  have   the  second.      Tho  s| 
^  to  ifcf  oJ'yg^'*  °^  ^^^  '^'''  i^""'  lioweTer,  be  alnn 
^    ta  ■lUing   ^'^   ''''^    solution    a    amall  qitAUliiy 
^.f,  or  simiiwr  suliHUinco,^.     So  smsill  .i  »|imntity| 
i"  tbr  wi'iicht  of  the  a»!iilinn   is  Bidfiicient  for  tiii* 
,^^«  itself  undergoes  no  change ;  the  action  iws. 
A«wwd  as  «  csatalytie  one. 
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290.  PyrosulphuroUS  A.Cid.      From  the  hot,   coiiceiiLrH.le(l  m\a- 

tioiifiof  the  ftcid  aiiliiliilL-.-i  of  tlie  iilkali  metals,  aalCH  crysUiIliet!  out  whith 
da  tint  have  iJie  (.•omposilion  of  siuihI  aalt^,  because  they  contain  ho 
hyilru^en.  The  potjiasiiim  salt,  more  especiitUy,  forms  verj-  reaiUly, 
mid  is  fuuntJ  tu  have  ths  composition  reprosuiitad  by  the  formitla 
K>/)..  On  compiiring  this  formuU  with  that  of  the  acid  siJpiiiteB, 
KHSf)p  it  ia  seen  that  the  salt  hais  been  (i>nnc(l  from  this,  with  the 
I'lM  of  tht)  elemetita  of  w«ter^ 

2KHS0,=  Kj.S.0f,  +  H,0. 

The  <.Uvaleiil  anion  which  is  combLned  with  potaasium  is  therefore 
S.Oj'.  aTid  the  L-orre  spoil  (ling  ncJd  musC.  accortlingly,  hiivt  the  formula 
ifyS^O.,,  It  can  be  looked  npoii  as  a  compound  of  aulphiuxma  ai-iil 
and  suJplmr  dioxide — 

H,SO,  +  SO,  =  H.;sjOv 

If,  however,  it  he  i^tteinptcf!  to  j.ropftra  this  *cid  from  tht 
polaxfliiim  suit,  only  the  oi^initry  siil|ihuroiis  add  is  ubtiUiied.  The' 
new  ficid,  therefore,  pasaea  at  the  tnomeiit  of  it«  liberAtiod  ihto 
>ulphuroii5  acid,  or,  what  is  perliiiiw  more  correta,  the  siilphiiroiis 
jttcitl  Jilso  contains  Hniall  amoiuits  of  the  acid  iH,,S^O.  along  nith  the 
(ordinary  acid;  the  difFerent  forms,  however,  pnsa  so  qinclcly  Into 
[one  another  tlist  they  oantiot  be  iTivesl-i^jaUnl  iiidiviihially. 

The  ^ciil  H..S,0.  ia  talitwl  pijr'nulj'ltitmitu  urul,  and  its  salta  are 
inilletl  pyrosiilphit-cs.  The  name  is  due  to  the  fact  tliitt  a  similar 
[dtsriviitivc  of  phosphuiic  acid  has  lieeu  <ibt.ii [il*J  by  heuliiig  that  acid. 

•  291.  Tiiermochemical  Relations. — The  eomhuation  of  sulphur 
Ito  gnsenub  di*ixidu  tlevulup^  'JMI  kj,  the  HolutJiiii  of  the  latter  in 
water,  further  yi  kj,  so  that  the  huat  of  formation  of  the  acpieous 
'ju-id  is  S.y  kf,  WhL-ii  one  otjinvalciit  of  cjiufltii:  soda  is  jidded  to  thu 
solution,  (J7  hj  arc  deveIo[»d  ;  n  second  uiiuivalent  yield*  further 
6d  kj.  From  thiij  it  fc>llo^v9  thnt  the  fointiiliuii  of  the  ions  H  utid 
HSO3'  from  the  midissoLiated  acid,  H^SOj.  takes  place  with  11 
<l«velopnient  ol  heat  of  more  than  10  kj;  since  tlm  acid  is  ulnoady 
■lightU*  iligsocialfid,  the  whole  iimoiint  nf  heal  does  not  show  itself. 
The  second  dissoeiation,  HSd.^*  ^  H*  +  SO^",  apptate  to  lak*  place 
witboiii  any  considerable  heat  efl'ecl.  Binco  ibe  heat  of  neutral iaation 
is  kj  is  very  near  to  ihe  normwl  ^1  l:j. 


E.  Stttpliur  fi-'wjide  aiul  Sulphurir  Actd 

292.  Sulphur  Trioxide. — Although  sulphur  dioxide  is  not  the 
bigheat  c<>m]K>nii'l  of  oxyju-'n  witli  sulphur,  it  \&  easciUiuHy  the  only  one 
which  is  pnxluced  in  the  direct  interaction,  i.e.  in  comlnistion.  even 
when    ovygen    ia   present    in    p'eat   abundance.      A   higher  <|xiiL%  ■ 
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iiideeil,  iIiilL  il.  i-aniial  ha  landa  use  of  for  manufacturing  jJilTjH 
For  this  re-aaon,  the  siil3)hunc  iicid  w»s  funiierly  prepsired  in  Jiim 
way,  viz.,  by  eLrongly  heating  iron  vitrioE  or  Biilphate  of  iron. 
process  is^  chemically,  not  veni'  aimple,  ami  the  details  of  it  wili 
given  under  iron.  It  bus,  iit  tlie  preBenL  day,  only  an  hiet 
iiTiportJincG,  sin(:e  it  is  no  longer  used. 

The  methfwl  still  chiefly  einploj'ed  at  th«  prasenL  time  (cf.  p. 
depende  tin  the  oxidation  of  sulphur  dioxide  or  aulpLurwiia  »citl. 
tluB  is  LLCcelerated  liy  a  \Mnic\\\nr  exjifdicnt  Ui  such  iiii  e-ttuiii,  tli 
hiis  l«c<)me  a  prodin;tive  manufacturing  methud. 

The  method  was  developed  from  ex jteri higl t«  nmdu  to  repliunj 
ojiygen  of  the  air  by  more  rjuickly  acting  oxidiaing  agents.  Sulp 
wan  burned  with  tlie  addition  of  potassium  nitiim'  or  s.ihpelte, 
anbstunce  has  the  formula  ICNO,, ;  it  uontiuiis,  tlioivforu,  a  l| 
amount  of  oxygen,  with  which  it  reiudily  ])arLs.  In  those  exfHTimi 
it  Wiia  found  that  much  more  enlpVmrit;  ncid  was  produced  than 
have  l>eeii  formed  from  the  oxvgeu  of  th«  anltpetrt!.  The  can 
this  vfAs  found  to  be  that  the  oxidation  of  the  sulphumtiH  ncidj 
the  oxygen  of  the  air  takes  place  much  innj-e  quickly  in  the  pre 
of  the  gaseous  oxygen  tompomtida  of  tiitrogen  which  are  pn 
under  the  above  comlitions  than  when  it  is  alone. 

297-  Manufacturing  Process, — The  .ibove-nienti«>nud  pit 

ihon  nmoniiied  to  this  :  Suljihuf  dioxide  was  furmud  by  the  cimiliu 
of  aiilphui',  jwid  the  gas  was  mixed  whh  air  and  water  vapour  in 
Hmouiit  neteagary  for  the  formiition  of  Bulphurit  ucld,  the  proiiuo 
of  which  Wiis   sLifticiently  :vccelera.ted   hy    the   julditiou   of   oxide 
nitrutjL-n.     The  varioua  Htagea  through  which   the  process  has 
cfinnftt  be  daseribetl  here  ;   it  will  be  suflioient  to  giv<!  a  descripiio 
the  arrangement  of  a  preaent-tlay  anlphuric  itcid  manufactory, 
aulphur  dioxidi!  is,  at  present,  g€!iopated  only  to  a  small   extent 
sulphur  itself ;  for  ita  formation   the  sulphur  compounds  of  iroiB 
chiefly   used.      Tlwsc   are   hnnu'd  in  ^nitnhlo  furnaces,   forming 
oxide,  which   remaina    ln^hiiul,   and   sulphui    ilioxide,   which    eicii| 
Largi-  i|uantities  of  sulphuric  acid   arv.  aUo  fonncd   frum   othc-r 
containing  sirfphiir,  which,  for  the  pur]>osB  of  obtaining  the  met* 
tliem,   are  "roasted,"   i.e.   heated   with   access   of  air.      The   sttll 
passes  iiitn  sulphur  dioxide,  and  the  nietala  form  oxides. 

The  hot  mixture  of  sulphur  dioxide  and  air  is  fii-al  of  all  lej 
an  empty  chandior,  whery  the  small,  solid  particles  carried  ovor 
the  gae,  "  flut-'-diiHt,"  are  dejjositi'd. 

Thu  gaaes  then  enter  at  thv  foot  of  a  tower  (the  filovor  tov 
hlled  with  acid- resisting  stones,  and  are  met  by  a  eonniur-slreaii 
cnide,  ddute  aulphunc  acid,  auth  as  is  formed  in  thia  proeese, 
this  arrangement  the  hot  gases  are  cooled  by  causing  ihe  evapurat 
of  the  water  contained  in  the  dilute  sulphuric  acid  ;  the  acid  ia  the 
fOJJccntntted.      At  the  sunu-  Vhub,  the  ajiVd  \a  (ie«l  (ram   tlu^   oxii 
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:*n  which  ii  cnntiiiiis  (i-u/c  in/ni),  iind  these  aro  again  brought 

{(fwcces.      Iii    this   wny.   nal   unly   is   n   lose   of   those   com- 

ivelr    VKliutltle  su'bstancva  tLVoiik'il,   but  l.1i«  sulphuric  aciJ  is  at 

»tn';    time   frer^I  fi-fnii  ;kn  impurity  m-IiicIi   wuuM  Ife   very  delri- 

in  iti!  fiirtl)cr  Lrc^ittnt^Tit  .-ini)  ;ipplicAi]oti. 

'roiti  the  U>wiT,  tho  giises  j^ss  into  sevcrnL  l«r^c  irh.inibers  liufil 

(ly  with  lead  plaU's.     (Lea^d  is  atlatkad  liy  sulphuric  rttid  to  a 

kuv«ty  alight  exte-Mt.)     liito  these  ehambei*.  et^am  and  oxidi 

£«n   are  also  imrodiiced  :  oxiilaiion   to  sulphuric  acid  occurB, 

\iku  falls  cut  n  Kdu  ruin  to  the  bottom  of  tfa«  chalulitr, 

ihf  Ijt'^i  thninlier  there  csrajies  ri'it  only  the  nitrogei)   of  the 

air,  litil   uUo  t.he  oxides  !>!'  riitrugL-tj  pn^^i^nt,  so  f&r  u^  thcy 

:  Dnt  Iw^ti  uli^nrVied  hy  i.h<-  dih]t(>  iicid  iormed  in  the  chan]l)flr8, 

("duunber  ncid."      In   order  that  thesQ  oxidcfi  may  iiot  be   lost, 

ftn  iad  thitntfih  tt  eucuiid  towur  (the  Gay-Luasac  tower)  in  wJuch 

A  »-uIphuric  wid  is  tmljlini,'  in  ail  oppt.site  direction.     Tbfl 

'nMclily  Hissijlvps  larw"  (inaiililies  uf  the  oxides  of  nicrot;eE,  and 

this  valuable  mjitmal.     The  i\tiiiits[.lie.nc  nitrogen   ])as&c3 

>ftW(Cc  fliiiuuey,  wliirh  igniintains  lh«  drniigbt  through  chu  M'hul« 

ol  »p(NirAtiis.      The  concent mtud  aiilphurit^  acid  chiirged  with 

of   nitrogi-ii  is  tiitriKluttid   into  the  tii^st  toiver,  where  tho 

lirf  iuiT<>gen  are  givi-u  off. 

Action  of  the  Oxides  of  Nitrogen. — As  to  the  cause  of  tlie 
ftliun  *>l  tb>.'  'UlpLiij'it  :u'id  tuE'rii:iLioii  by  the  oxideH  of  nitrogen, 
has  betin  in  existence  for  a  huniired  yejirs.      According  to 
.cIm  cboiw  lies  in  tho  nttenifitij  reduction  of  the  oxides  l>y  the 
tt    dtoxidu  »nd   their   re-oiddrLtion   by    the   oxygt'tb   of  the  iur. 
deuula   of   this   theory   eunnot   be  discussed   till    the   oxides   of 
ore  uvated.     Since  the  oxides  oi  nitro^un  are  futuid  at  the 
;and  the  end  of  the  pmeeas  in  the  Rime  condition,  and  are 
U|^  we  must  at   thi^  point  be  aiitisli«d  with  destgnuttng  the 
■  action  as  a  catjilylic  >m<.'. 

OoeeentratioQ  of  the  Acid.    The  acid  obtained  by  this 

oonLkins  abour  ti.^  |<er  cciil  of  ^cid  and  3b  per  cent  of  wn-ter. 

Botint  o(  wwtcr,  in  the  form  of  Btenm,  must  l>fl  introduced  intu 

I  bad  chamber  in  urder  that  the  forination  of  mdpburic  add  shall 

place  i^uiclUy  and  n^gularly.      For  most  of   the  iippliL-ationa  of 

acid,  bownvur.  iLis  water  must  bo  ramovod. 

is    4>fr«<:te<l   ill    the  tirs(   pUc?    in  f1<it   kad   ]>ans   which   are 

Htum  aXfivu     'When  the  sulphuric  acid  atUiins  a  concentration 

p^  €tio%t  it  lK>:ins  to  attack  the  lead.     It  k  then  evnporatud 

in   Itai   pliitinnm  ri'torts.      At  first,  almost  pure  wat^r  p3s».^a 

Itat   whi'H  th<*  mid   has  rL-ached  a  fOnCi'ntmtion  of  yS-5  p*>r  CL-nt, 

'i   ihi-  Hame  composition  jis  ihe  li<|Lud,  and  further 

^  imprtswihle      Bflorf   (iit-  Acid   has  reiwthed  tlvw 

it  tM  ran  mm  ca/-itor-%  in  which  it  is  Iransported. 

■n 
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30:i.  The  Ions  of  Sulphuric  Acid.— Being  n  dilwisic 

anljiliuric  ncid  can  («vtii  tivu  liimis  of  jmions,  viz.  thu  moiioii 
H.SO,'  and  tho  liivulent  HO^',  Conceutratud  solutions  of  the 
chiijfly  contain  tlie  fumier :  tbe  greater  Uie  dilution,  tlje  more 
thii!  ilii^aociiiiiie  rtito  tht:  4liv:Lleiit  ion  umi  Iiydrinn.  Likt!  almoet  all 
ions  liilhci'to  njcntioned,  bolh  thesa  ions  are  colourleaa  And  poi 
eonapiaitms  pr"|iCTi.ius. 

3ii4.  Applications  of  Sulphuric  Acid.^ln  the  klKjmUiry.j 
still    nioi'u    in    liiti    arts,    sulpliiirif   acid   is   ;i  sulielancL'   of   imr 
impoj't.incQ  and  mn.iiifold  applicncion.     Ita  importHnce  f(ir  tbe  cbed 
indiifitry  lias  been  justly  (.'om] i:in?d  with  tbiE.  of  iron  I'nr  ihe  engine 
irnltistry.     Thu  maiilfolU  appiitftlion  of  sidphuric  fitid  depends 
fact  ibwi  it  i-iMi  be  iismi  in  Iwo  ways  for  obtaining  other  a^^ids 
their  sjilta.     Since  it  is,  <is  a  nile,  only  tlie  -W/m  of  the  various 
tlinl  iii'i"  got  ilirectly,  ;u)d  from   thpse  the  free  tioids  must  then 
tallied,  iiit  jiuid  suitable  fi>r  this  object  finds  a.  vory  varied  iipplic 

The  tl9Q  of  siilphni-ic  acid  for  this  purpose  depends  on  the 
ation  (if  aeveriil  ciicutnEtHnnus.     ApiiiC-  front  its  cbeapneaa,  llie  f&cLl 
it  is  a  ulnmi/  aeid,  i.''.  one  hirgcly  di^oeiated  into  ioii!^,  and  has  ii[ 
hiiiiiitii  j'i'i.n.i,  is  the  deterrahtijiy  factor, 

Certfiiiilyj   on  mnkiiiL;  a  conipjirison,   it  ia  found  ihal   in 
lent  soliitioiia,  *.'■.   syluliuns   eonLi\ijiin(*  e<|ual  unioiinte   oi  bye 
hydrneliloric  aoid  is  u  bietlur  cmidiietor  than  sulphuric  aci*l.  ant 
the  former,  tiierflfort,  is  mure  diBsodattd,     However,  the  suinf 
amiUler  degree  of  diswicijitioii  of  sidjihnrie  aciit  (cf.  p.  247)  !« 
than    compensiitod   for   by   ita    samll   vi>latiiity.      Thus,    hydrocli 
acid  is  prepared  from  sndiuin   chloride  by  means  of  sulpluirir 
according  to  the  ei|iiutiori 

SNaCl  +  H.SO,  =  Na^SO,  +  2HC1. 

The  possibility  of  generating  tha  stronger  acid  from  its  salt 
means  of  the  weaker,  depenifiB  on  the  difference  of  th*  volatility 
two  Kcids.      When   aiilphiirie   acid   acts   on   aodiuni   chloriile, 
3midl  quantily  of  hyir'^hl-Jric  ucid  l-s  (it  first  fortned,  and  llic  re 
would  stop,  ix.  a  chemical  equilibrium  would  ho  establish »!.  if 
aiiliBttirtea  reraiiined  together.     Even  on  gentle  heating,  kow«vi 
liydroehEoric  acid  jkissph  oft'  in  the  gjiaeoiis  state.     The  ei(utlit 
ia  thereby  dislnrkni,   frosli   hydrochloric  acid   must  he  lorrue<i, 
therefore,  fresh  sodium  chbtridc  lie  di'composed.     If  this  li_vdri>ch 
ftcid  be   ako   removed,   the    process    yoee    on    until,   finally-,   atlj 
nodinm  chloiide  ia  decomposed  nr  all  the  sulphuric  iicid  ia  lu 
(cf.  p.  20S). 

lit  the  decomposition  of  sodiiiin  chloride  by  sulphuric  acid. 
4indlar  procosaus.  two  atitges  fan  be  clearly  distinguishod.      The] 
half  of  thu  doconipusilioii  always  lakes  plaw  milch  more  eftaily, 
a  low&r  temperature  than  the  second.     This  depends  on   the  di 
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at   etilpbnric  acid.     The  process  is  separaMe  into  two  stages, 
ted  \iy  the  fullownng  e>|UiLtions  ;— 

H,SO^  +  NaCI  =  NaliSO,  +  HC! 
N.BISO,  +  NaCl  -  NbjSO,  +  IlCl. 

A*  in  tile  voar  ffi  M  |)ol}'1riiaic  acids,  tliu  one  combining  wei;^ht  uf 
n  aplitc  oir  titst  uikL  ntost   readily  ;    the  splitting  olt'  tti  the 
ocean  with,  niiuli  jn-tjiter difficulty.     For  this  reason,  eyeii  when 
rumbining   weights  of   sodium  chloride  Hre  pr*?iient,  thcro  is,  itt 
only    thv   nciil    eodiLim   stiljihule   formed,  ficcordin^'   to   ibc   first 
ukI  <«ne  I'orultiiiirkg  wcigtil  of  sodium  chloride  remains..     Not 
tins   reaction   is   ei<seiiliallT  over,   and  n.  higlior  tempeiiiture  is 
,  iloea  tfao  8i»!uiid  process,  the  decomijositimi  uf  the  aiidium 
br  tbe  aciil  sudium  sulphute,  Liike  pliit^c,  vitli  formution  of  the 
Bnl()Unt«. 
S'lli'hiiric  acid  c«ii  lie  used  als'j  ill  a   second  way  far  tlm  piep;ir"tk- 
I'ree   turid^  from  their  salts.      With   some   nietjils,    oBpocially 
(Bn)  And   li-ad  (11)),  it  mn   form  vcTy  ilillicullly  sotnlfle  sidta, 
if  a4jit?ous  solutions  of  the  luiririni  or  lead  salt  of  the  acid 
^Or*ti<'ii   lie  mixed  with  eulphiiric  atid.  b;mumi  w  !ea4  sulphate  n 
\.  Aiul  s^uiTai«6  out  in  the  solid  sUle,  while  the  acid  remains 
nintioEi.      In  tbia  wav,  for  i-x;niiple,  chloi  ic  acid,  HCIO.,,  is  obtained 

Analytical    Teat. — This    aame    circiimfitflHCO,    the    .4urkl 
I.J  Imrittin   milfihiUi',  is  employed   tor  the  detection   and  eati- 
of  ■ulpturic  ttcid  iind  its  snltB  ;  in  gcn^ital,  of  the  ion  SOy. 
bariuu,  Bi»",  eomcs  together  with  tbe  ion  80^",  tlic  pre- 
-i'.r  oj  htirium  sniphfito  |B.iSO,)  scpiLRLtea  out.     Since  siiiphiiric 
■  *  t«irly  Rtrong  iicid,  the  smiitl  solubility  of  iKiriiini  §ii]phale   is 
!ri«T<Rk««<i   t*>   nny   conaidiTuble   extent   by   the  preaenne  of    free 
p.  i'6|      Tile  reaction,  therefon.-,  U  hIbo  given  in  arid  aolntioris. 
-  any  rtthi-r  anhBtaiice  hy  means  of  which  Imrium  sulphate 
i    appeciably  soliihio  in   ai|iirniis   liijuidB.      This   rmeuoit. 
I*  s  reiy  r/rtain  criterion  for  the  presence  of  SO, "ion,  and 
III  arise  only  from   (he   fact   that  selenic  acid   (i-iilr-  tn/ni), 
■PI    qimiUr   to  siilphurie   acid,  yicltls  :i  similar,  ditHeuUly 
lie  with  hiiriuni  n-ilt*.      When  we  come  to  selenic  acid, 
!  ,ill  nhow  how  snch  an  error  can  l«e  excUided. 
r  i|(kn»tiuu  may  Ik."  asked.  1/  the   two  different  ions,  }ISO/  and 
■  "It,  in  conformity  with  tlie  dirteriMice  of  their  composition, 
nt  projii-rties  and  charartcriat-ica.     As  to  thi3  former,  there 
'   i;   till'  di'ti-etioii  of  these  diHflrenees   ia   not  ensy,  since 
I  knowlidge  of  the  proportions  of  both  ion?  in  n  given 
!  'ii}^h   thin  pmljlem   is  not  insolnble,  still  it  is  ao  com- 
-   ■.    ■  '.viTinoi  W  discussed  here, 
I     On  Ui«  other  hwid.  for  the  detection  and  the  estimjition  of  buI- 
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phiiric  acid  by  barium  coinifftunde,  it  is  .a  m(it.t€r  of  indifferec 
what  propoitions  the  ions  HSO,'  and  SO^"  arc  present  in  a  sc 
By  precipitatiop  bs  barium  sulpbatf-,  certainly,  only  S<[),"-ion  is 
removed  ;  so  soon,  howt'ver,  as  this  UiTfus  pla.ce,  a  fresh  anion 
fcirmej  from  H80,*-ion,  in  (itcordauce  witli  Lhe  u<)tiatiou 
~  H'  +  SO,".  This  is  also  precij^'Uitcd,  a.iid  so  on  until  prncticAltj 
the  sulphftnion  \\as  bi.-'^iL  pjvcipitatL'^l  Only  i^'hon  the  i-oncL-titra.ua 
the  hydrioii  is  very  grtjit,  tlial  is,  wht'ii  lhe  sohitiun  is  very  acid,  ^ 
a  meaaitciible  quantity  of  HSO,'-ioli  remain  undissocialcd,  and  il 
pit'cipiuitecl.  Hmice  th«  rtile  that  the  iirncipltation  of  K^riuin  sulj 
must  not  be  eaiTied  out  in  t\  tr<c>  ni^id  Bithiliou. 

30ii.  DecompoBition  of  Sulphuric  Acid. — 8iilpliurir  acid^ 
fairly  stabli'  s.i|batiim^^     It  nndi?rgo<;6  oxidrttiyii  to  a  higher 
nnlj'  under  ijuite  sjieciid  conrlitiucis  by  nicfiiis  of  the  floctrit  our 
RediK'tion  Uikea  pljiCB  more  rendily,  and  usifl  is  aoraetinj*s  ina*ie  of  I 
processes   for  thr   pn-pnration   of   eiilphKr  dioxidQ.       Such   rodu 
ocoiu-a,  for  ewimpk',  oti  heating  aulphmic  aeid  with  copper. 

Copper  is  a  divalent  metal,  the  snlphatc  of  which  has  the  fo 
CuSO^.  On  healing  copper  with  sulphuric  acid,  tho  usual  <liaplA«< 
uf  hydrogen  by  metal  would  first  tnko  place — 

Cu4H3S04=CuSO,+  H^ 

Tho  hydrogen,  however,  is  ut>t  evolved,  imt  is  oxidised  at  the  ex[ 
the  lixygon  of  n  second   mole   of  sulphuTie  ncid  ;   this  ia   rodiic 
sulphurous  aeid,  which  imtnod lately  doL-nnipoBcs  into  sulphur  die 
and  wiiter.     In  forniidsu, 

ii,S(\  +  nj=2n.0  4^.so.. 

Tho  two  ei|iiali(jns  uan  ht-  combined  into  on«,  and  we  obtaia 

Cii  +  SHjSOj  =  ChSO^  -i  2HjO  +  SOj. 

Mercury  and  silver  behavd  aimitarly  to  copper.  In  the  caae  of 
the  reduction  goes  still  further,  sulphuretted  hydrugon  botiig  k 
under  certain  circumetanccs^ — 

SH^SO,  ^  4Zu  ^  4ZnS0j  +  4HjO  +  H,S. 

Tliia  reditction  oeeurs  only  wdiL-n  thfl  solutions  are  fairly  coB 
tratcid,  l'ilut«  ftidphurii:  acid  rtjicts  with  zinc,  with  furtnatic 
hydi-ogon — 

Zn  +  HoSOj  -  ^nyO^  +  U„. 

307.  Pyrosulphuric  Acid. — The  compound  orEulphnriuacid' 
trioxidc!,  HjS;(_L,  nictiliuned  on  p.  2t>7,  is  a  special  ittid,  tu  whieltl 
nama  of  p'_yi'ciaulphliric  acid  bas  been  ^Afteiv.     "^m  vVe.  tiaxaijitmn<| 
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ixlstM  itenlf,  tmi  th«  ciirrespomling  salfs  t;ni  be  pri;pireH^  n.g.  the 
it    Na^O-       The  siilts  are  <)l>taiiieil  bv  henting  tlie  acid 


rt  : 


2HNa.S0,  =  NajSjO,  +  HjO. 


■t*^    more  strongly,  the  salts  lose  suljihur  trioxide  and  pass  into 
^b  Na^SgOj  =  Na^SO^  +  SO,. 

If 


jwevor,  Iw  specially  noted  that  in  ar^tieous  sQliitioii  the  cor- 
Ml,  S,0,",  IS  not  known.     On   solution,  the  pyrosul jihateB 
aiiiJ  piiss  iiiUi  ihv  acid  aiitpliaUiS 


the  prooOBs  a-ppart<iitly  proceeds  so  i.|iiiokIy  thnt  it  faas  not 
tieeii  jHi'wildo  to  ilistingnisK  betwccii  Ilie  soliition  of  n  pyro- 
■rwi  «n  L'<|nal[y  string  solution  of  tho  coiri'Sfjoniling  .icEd 
Frutii  exiioriern^e  yaiiivd  from  otlicr  i»r-tila  of  a.  aimilur 
itioti,  b'lwtfver,  vaabs  are  kiiu^i'i)  in  \vhi<:h  ditJer^nces  cfin  be 
1y  det*yr1«il  l>oUv«f:ii  the  iotis  of  thu  iiorniiil  uud  o£  the  jiyro-acide. 

)».  Thermocheinical  Relations. ^The  heat  of  foi-mation  of 

]jihiir  tji'ixidt:  fniui  its  elements  U  452  hj.    Ita  hent  of  vaporisa- 

1';  its  he.1t  of  furniatifni  in  thie  vapour  form  amounts,  ihflra- 

kj.     Siiice  th«  Jitat  of  fonniition  of  the  ilioxidu  aniounte 

t),  this  would,  by  cornfutstion  to  the  irioxide,  develop  86  hj. 
lpit«  of  thi»  grciit  hout  cvohilioii,  this  piouoas  takea  pliico  only  Very 
>lr  atul  incumplftely,  and,  in  orrler  to  bo  of  use  for  mamifactuntig 
M«e*,  it  must  be  iiMeleniteil  by  ciitivlyH^M's,  f.rj,  pUtinum. 
Tlir  tricixide  dissolves  in  water  with  great  development  of  hsjit. 
ontiag  to  H-1  kj.  Sulphuric  ficid,  H.>SO^,  dissolves  in  w,it»;r  with 
tiapment  of  75  lo  SS  kj -,  at  jtrwit  dilntinn  the  heat  eMccl  still 
BMW  to  a  meaaumble  extent.  By  the  f(>i-mation  of  sulphuric  ^cv\^ 
•fore,  from  trioxitlr  and  water,  aTwut  i^ij  kj  are  developed. 
1^  be«t  of  noutralisalinn  and  sulphuric  acid  varies  sccoidiiig  :ib  the 
Em})^  D')riii;il  snlt  is  (ormefl.  If  ;t  mole  of  <:HUst3i.'  sixla  is  added 
|H|e  cif  sulphuric  add  in  dibite  liotiitioti,  sm  thnt  the  aciid  suit  is 
Bd  (HjHO,  r  NhOH  =  NflHf^O^  *■  \\0],  62  ki  I'e  developed  ;  the 
tiA  mrtl«  of  caiifilic  s<xla  yit'^Ms  the  L'onsidorahly  greater  evolution 
mL,  vit  €9  Kj. 

fttaa  tbe  lar^e  anumnt  of  heat  whitli  is  dcvelojied  on  dissolving 
boric  tvc'iA  in  water,  one  may  conclude  thnt  the  disaociation  of  the 
into  iu  ions  is  licenmitanieit  by  a  gra-iter  develi>i>mont  of  heat.  Tn 
U-Bomwl  solulinna  used  in  ihe  expifriinente,  ilio  Hi-^st  dtiigc  of  the 

fcion    H,S(!>|  =  H'  -  ilSO,'   is  fairly  complete,   ami  the  sl'coikI 
)j'  --   \\'  ~  SO/'.  \y.\s inocee^ed  &ho\\i  half  way.     By  tVie  acltovi 

Irai  moh  of  cmtstw  Boda,  the  nonaai  beat  of  Tieulra\^8fttvcni, 
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•.e.  in  tho  abwncc  of  hvdriif-ri,  whor-eiia  it  immocHati'ly 

J     .  I [ I jMiaitinn  in  thi-  prcsencL'  of  th<.'  latter,     Thu  rcusoti  of 

to  be  sought  for  in  the  fact  that  in  th«  sccoikI  case  more 

inds   ttiri   U-   formud,   for    vvhosi'    formation   hydrion   is 

U-">.    TetrathiODAUion. — The  formation  of  the  sixliiim  Miilt  of  this 
|in    th>'   ;i<ii(iri  of  ioiliin'  on  sudium  thtosul|ih!it('  h>iK  aln-iidv  ln'tMi 
ibral  ((1,  3o0).      Pol-  thi'  piir[K>sc  of  prL-parifi^  liif  (riK   acid  lend 
u  uaed.     This  13  dL-conipusod  w^ith  tin.'  calcukled  qiuuitity 
acrorriing  to  the  eiiiiation 

3PI1S.O,  +  2U  PbS.O„  +  Phlg. 

nly  an  in  the  con'L'HpoiidiQj;  reacticiti  with  titL-  sodium  suit,  there 
lead  U'trattiiojjntt.'  artd  k'.-iil  iijiiidi.'.     The  fortijor  puxHcu  into 
thr  Iftttrr  acji^rati'^  out.      Frnin  i.hi.^  tilti-rt^d  solution,  lend  in 
■Utcd  A^  ilitliciilily  siiluhle  \iiuii  Biil{)liuLi^  l>y  thi-  careful  luldirion  of 
twlpbtim-  nuid,  while  iLl'  l<'tratbir>iiic  ucid  ri'inuin'^  in  iutltttioii. 
:  •olutioii  hR&  a  strong  nM  Uiate  and  rea^^tion,  unci  i^  much  I'-sa 
tbn    thut  uf  (litliionic  acid.     Sulphur  soon  at-jrankteB  from  the 
rbicb  aim[duni::iiii$]y  I'volv^s  giiipliiir   dioxidi'   mid   eoiitatnii 
ric  wdd.      Thi;  <l4M:uiup<»itiun  erieuea  ucuordiiig  lu  the  cqiuitiuii 

11.8,0^  *  U.O  =  HjSO,  i-  H5SO,  +  2S. 

i  I  f':  Pentathionic  Acid. — Thia  is  ohtainMl  by  passing  suliihuruttul 
rn  inl*.  i'li  ^I'lue'ius  solution  of  Bulphurous  acJd,      Wh.-r«ifl  one 
(if  tho  <^iil>?EaricL-9  simply  iinclei-goes  iranitformation  u>  Aulpliur 
WAt«-r,  ftceording  to  the  ei|iiJtiiori 

I'H^S  +  HjSOj  =  3S  >  3H,0, 
Ifcer  purtiva  forms  pentstbiontc  acLil  and  wat'T,  acconling  U>  tJli* 

Btjsutm,  s  pnnioo  of  tbe  sofphnr  can  he  wpnntML     Tb':  uLhvr 

IMA,  bow^Tcr,  is  preMWt  id  nich  ■  fit»  Hate  of  divimoD,  iii  what  is 
ieetimdjtJ  gnintinn,  ib«t  ti  bebatre*  almoM  like  a (iMMrfvod  mbstsnci-, 
»  MM  rctsinfl  hy  »  filter.  Bjr  pfvpario;;  a  nit  of  pottathionic 
fruDi  this  aolatioR,  nKfTviallinuwi,  «te.,  para  MdU  of  pMUUiiuo- 
B  oaa  b«  obtainsd.  We  Aalt,  howeffer,  iiol«iterhefaon»dMcription 

he  tcrj  trotibleMkcne  inetbod*  bv  vbscb  thb  ulijeet  ■■  attained. 

P<^t«tbioii>c  acid   w  ajMi  tiaatable,  and  nsMiily  deooatpaae*  into 

iburous  acid,  calphom  *rid,  and  aihifcar. 

Soluikin  in£  00c  of  tbe  higher  polythionatra  ■mxi  un<W)p* 

.;«h  a  vajr  tbas  ochar   tbional«*    air    pT'idun*^' 
fcf,  tbr  UftiviamUK  fmiirm  into  ditUoaate  awl    irtnUbuAktr.. 


"-■HEMISTKV 


•:]m. 


.-    "Na,.S,.u,.  -  NaS.i.i  - 


i-'   oi  dry   i-iili.riiu'  I- 

".  .1  It'd-ln'invii  lii,!;i:;> 
■  ■■:v  uii|ik>asaric  pimil, 
■.-■.jv.sition  is  ("xiiie-pi'l 
'.-.  ::-fi'A's  ai   -  Ml . 

.::.  '■I  which  it  dissiilvv. 

■-  .--■  call  W  apiiii  M'lw 

:r..  Tho  moiinithluviic 
w,i;t'r  ;  the  fhlorin..- :• 

:.;>h-.ir  jKirtly  seiwr.i ■.<■,■ 
■>-:-i>hiinc  iu-'uU.  IV 
wiih   the  itiiii.iuit  iii 

-:■   ii'iuvse lit  1^(1    liy   :iii 

:■   ^ri.-   for   vuli.-aiii.-iih' 
j.iTTer  Iict-unit's  im^ 


'.Li'H-iilc.  it  isah.o.u'lW: 

:;  ihi>  tompej-atiux'  u'vi 

iMini>'iMin!  Sl'I..  was  h'rsi 

:inii',    hoRe\-...r,    fuij-he' 

»  be  «  definite  compound,  ajid 
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be  assumed  to  be  tinited  to  oxygen  lo  form  hydroxyl.  The  suitability 
dE  ihk  assuiuptiou  w  seen  from  llie  faub  that  the  actual  reu'Ctioiis  oi 
this  ^tib^jinoe  arc  in  agreetiiGnt  with  it. 

Thus,  ill  f^t't,  deHviitivcfl  of  Bulpburic  acid  are  known  which  have 
toe  sfime  rolntioit  to  it  ufi  tlie  mctiil  chloniles  hiLve  t<3  the  metal 
«j(iroxiHe8,  and  which,  therefore,  support  the  assumption  that  in 
•llJphuric  acid  liydrngen  aud  oxygen  are  united  together  to  hydroxyl. 

*  A  "proof  "  qf  thiB  SBsumption  is  mt  given  by  those  comfiLmnds. 
The  actual  phcuoiU'eiioii  ia  that  the  elements  0  and  H  are  eliniiuatod 
lo  Ibu  prop*]rtion3  OH,  and  C'l  eiuiitltaneouBly  enters.  It  cannot 
however,  he  nastrted  that  these  two  elements,  in  oitlcr  that  they  may 
be  simultjtnooiiBly  eliminated,  rnusl  previously   have  )>een  niiiUd,   for 

lere  are  nunicrons  cftacs  in  ivhich  auch  an  iLseaiuption  cannot  W 
insCAinecl.  The  sole  pur|io8e  of  this  asauniptioii,  th^i^efo^e^  is  to  Blatt 
that  the  reaction  m  queation  often  and  easily  occurs. 

*  On  such  relationa  all  the  so-called  "  coiiBtitutional  formul[e"  of 
substances  are  Ijaae^L     These  arc  a  short  exjiresaion  for  the  cheuiii^al 

L'tioiis  actually  observed.  Since  the  klter,  however,  depend  on 
3tber  conditions  besides  the  chemical  nature  of  the  auhsUinceB, — e.g. 
temperature,  presaiire,  presence  of  other  BUhslareeB,^it  is  to  he 
iticipated  that  a  di:linitE-  constitutional  formula  can  represent  the 
ehaviour  of  the  given  substance  only  within  a  definite  range,  aud 
will  prove  all  the  ItiK»  satisfactory  the  more  deeply  aud  compre- 
tensively  the  chemical  l>ehavioiir  of  the  substance  is  known. 

*  Such  diveraity  wui,  if  necesaiiry,  be  espressi^d  by  the  atisumption 
of  aeveral  conatitutional  foi-miilse  ;  but  this  is  only  a  maJtcshift.  For 
tbe  cotnplote  representation  of  the  ehemic^l  behaviour,  s,  nuinerienl 
clwtacterisatinn  of  the  mutual  relations  of  all  the  transformation 
prwluctfi  of  the  substance  wonld  be  necessary.  From  snch  a  ataiid- 
point,  the  chemistry  of  the  present  day  is  still  very  far  removed. 

If  sulphuric  unci  be  written  as  a  hydroxyl  compotiiidv  we  obtain 
the  fonniiiu  SOj,(OH),j.  The  atomic  group  SO,^,  i^  called  mdphtiTyl, 
and  the  two  poijatble  chlorine  derivatives  would  have  the  following 
Eorniulu!  and  names  : — 

■SOa(OH)Cl,  Sulphuryl  hydroxychloride, 
SOgClg,  Sulphuryl  chloride. 

Ane  first  name  is  not  used,  as  being  too  long;  the  first  compotino 
*'lic!i  still  contains  one  acid  hydrogen,  ia  called  ch lorosulplionio  acid.' 
Chlorosulphonic    acid    is    obtained     from    sulphur    trioxidc    and 
j?drogen  chlori+le,  wbieh  combine  ou  boing  gentEy  heated— 

SO^  +  HCU  S0.(01i)Cl. 

*t  forms  a  coiourlesa  liquid  of  density  I '7,  and  boiU  tit  162", 

'  TI;e  name  l«  cJuu  to  tlie  fai:t  tlint  iii  orgntiic  cliemiBtrr  iiiimBl-Cibs-  tdniiiOilluls  dt 
'WjiLnric  »cj.l  irc  kuowu  ol  tht>  formtiln  H.SOiUH  (whert  R  is  n  couijiouuJ  "rndiflii  "), 
*Iiii.'li  are  called  sulphonic  aciiin. 
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Cblurosiilpbonic  iieid  fumes  iji  incikt  air,  Ik^'C'iusq  iL  umlc 
tm  I  IS  (or  mat  ion  mtli  the  iiijueous  vapoiu'  to  difficultly  volatile  siU| 
acid.  uDd  hydrochlorit;  acid — 

SOs(OH)Ci  +  H„0  =  HjSO,  +  HCl 

This  reaction,  viz.,  Lhe  re-form atioji  of  the  oiigiiial  acid  ffoi 
chloride  by  the  action  of  w;tt«r,  is  a  ^'eiieiitl  reaction  of  the 
chlorides. 

*  In   tLis   rBspQcl    iho   acid   chlorides  i3iffei'  esamitially  from] 
metal  chlorides,   with   which   they  littve  u  fti-md  aimiltirity   (p. 
Whoress  metallic  hydroxides  undergo  tniiisforniation  with  hydroth 
acid  t<^  metallic  chlorides  and  ^Hter,  the  acid  chlorides,  on   the 
hand,  undergo   transformation   with  n'ater  to   hydroxide  and  hj 
chloric  jicid.     The  refl-ction,  IICl  +  H.O  -  H .  OPI  +  MCI.  proce^il^ 
the  first  CISC  from  right  to  left,  in  the  sGcoiml  casp  Eroni  left  to  ng 

*  If,  now,   we  remoraher  t-hat,  in   pi'iiiciple,  no  chorui«il 
can  be  cifinplcle,  we  cjiii  say  that  the  two  tiises  differ  from  one 
esaontinlly  in  th?  fact  that  the  □■!«  or  other  sido  of  the   equatiii 
reaction  jiredomiiiatcs.      Or,  us  we  can   aaj'  with    reference  to 
was  set  forth  on  p.  '250,  the  Aeid  chlorides  undergo  almost 
ki/f/roli/sh  with  water. 

*  While   the   previous   retnarlts  dejilt  with  the  reaotiona  of 
particukr    aiiljstancca    with    a    email    amount    of     water,     the 
CflSEes  wbieh  take  place  on  solution  in  much  wnter  must  hIho 
special    consideration.      Under  these   conditions,   ion    forDiHilon 
occur,  and,  in  genei'sil,  Ihofie  rmelimiA  iuke  place  in,  rrJiirh  fpfiAillfi 
mi4  orr  formrd.      Among  t^heso,  chloridton  must,  in  the  first  pli 
reckoned. 

On  decomposing  chloroaiiljihomc  acid  with  much  water,  there  i 
the  reaction 

S0.,C0H)C1  +  lIjO  =  2HS0;'  ^  H'cr, 


t.ft  the  iona  of  aulpluiric  and  hydrochloric  acids  are  formed, 
these  two  acids  iice  largely  diaaociated  into  ions,  ie.  form  very 
ions,  tbia  reaction  ia  practically  complete. 

The   dQCompoa-(l)ility    of   the   chloride   by   wiiter  ia   therefo 
eroaacd,   owing  to  the  corresponding  acid  being  able  to   form 
iona. 

In  accordance  with   ihoac   considerations,  it  must   be   ri-'^aniei 
pnsaible  that  hydroxides  exist  which   btajid  Muyn  ivhU  nvl  hivti 
such  a  way   tliat  the  two  sides  of  the  equation  of  reaction   to 
extent    conn terbalitncc    one    another.       They    will,    therefore, 
certiiin  conditions,  act  iiA  a<:'ti.h ;  under  other  conditions,  as  basrs, 
shall  soon  have  an  opportunitv  of  indicating  such  suhslnnces  ( 
XIIL). 

The  second  ehloride  ot  aaVpWric  add,  tnd^tiiiKi  ddoride^  SOjl 
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•iliii-fi  l»y  the  direct  combination  of  sulphur  dioxide  and  cMorui&.i 

■>  .1.1  - ;  -ti  docs  not  take  pl.ice  very  (|inckly,  hut  is  greatly  accelerated, 

■'.  hy  the  ppesence  of  earaphor  (un  M-gnnic  aubstanee).     It 

^.,..L..  A£  a  coloui'Iciss,  very  mobile  Liquid,  hflving  the  density  1  '67 

boiliug   at   69  -     The  fact  that  the   boiiiug  point   of  sul[ihiiryl 

is  so  much  lowLT   than    tbat  of    L'lilurosult'honic  acid  is  an 

of    ibe  general  tliIa  thiit  the   boiling;  [luiiiL  of  the  cUbirine 

id«  is  always  uoiiBidernblj  lower  thaji  tliat  of  the  corresponding 

1  eomftounds.     The  siime  is  seen  on  eurnfifipingehlurosiilpLonie 

;g  point  152)  «-ith  sulphuric  ucid  (boiling  point  340"). 

uryl  ehlorid«  fumes  only  slightly  in  the  uif,  boeause  it  reacts 

ntoro   eiowly  with  water  thiin  cUluroi^iitphonic  ncid  does.     The 

oooipuund  is  formed  \iy  the  action  of  a  finuill  quantity  of  wat*i' 

'I,  -T-  HjO  =  S0,,(0H)<.1  -r  HCl ;  with  ntiich  wat-er,  sulphuric  and 

ic  acids  are'  formed— SO.,CL.  +  2H..O  =  H^SO^  4  2HC1. 

tl)«<lecouL[xisition  *j(  gulpiiuryl  chloride  by  much  water  takes 

much  more  slowly  than  that  of  chtoroiiuiplioiiie  acid,  it  loolcs  as 

funuer  pawMl  directly   into  BuiphnriL-  and  hydrochlorie  acids 

fnjwinjr  ihrwiijih  the  int«rmecliate  sfige  of  chlorosHlphtmit;  acid. 

ilphonic  acid  which  is  formed  niidergoc^  decomposition 

1     ;it  no  time  during  the  reaction  can  any  considerable 

t  of  it  be  'lelectfd. 

Similar  relntioiia  are  often  found.  In  all  ca^iea,  there/ore.  \rh€ie 
iDt«niie'liAte  stages  ate  uppttrvntly  ]jafi9od  over,  it  must  be 
ind  tluit  they  may  escape  observation  owing  to  differences 
ity  of  reaction,  ;ia  iu  the  abuvc  case. 
-  the  two  chloridea  of  snlphiirie  acid,  a  ehloride  of  pyrosul- 
i — j>ifrosiil/ifiiir<rl  <:hl'.-r-i.it\  S^O^CU — is  also  known.  It  \n 
dncd  by  withdrawing  the  elements  of  water  (by  means  of  phos- 
•wt  petttoxirle)  from  cLIorosulphouic  acid,  2.SO„(UH)01  -  HaO  = 
jTI^  It  is  a  lii|nid  similar  to  c hi oroaul phonic  acid,  only  more 
lU  AUt]  tviving  a  ifrcater  density.  It^-  density  is  1*82,  and  it.s 
K  puint  142  .  lis  vaponr,  on  being  heatwd,  decomposes  into 
lor  uioxiJe,  sidphiir  dioxide,  and  cblurine, 

Vith  wmlex,  pyroBulpliuryl  chloride  reaets  in  .1  manner  similar  to 
thmr  chlorides  of  sulphuric  acid.     The  reaction  does  not  appear  so 
it  m*  in  tlie  uaae  of  chloroaiilphnnic  iwk],  because  it  takes  place 
•lowly. 

H.  Comf/intatf  iFeiifhi  ti/ Sutpltur 

IP,    Stu«e  sulphur  furui^  a  larfje  inunber  of  compounds  which  can 

itlysed  with  exactness,  very  varying  methnda  have  been  employed 

fc«  detorminatjon  of  this  impo'rtant  combining  weight.     Tho  moiBt 

tt     ■         "--T  was  obtained  by  Sla*  by  determining  tho  ratio  in  wjiieh 

.  .i  with  sulphur  to  form  silver  sulphide.      On  the  other  \ia.wi.\, 

iniag  tie  amouoe  of  sih^r  which  cuii  be  obloined  irom  a. 
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weighed  quantity  of  silver  sulphate,  he  obtained  the  data  ne 
for  the  independent  calculation  of  the  desired  number. 

For  example,  by  heating  59'4225  gm,  silver  in  sulphur  vap 
68'24S2  gm.  of  silver  sulphide  was  obtained  :  the  two  weights  : 
the  ratio  1:1-1485.     Further,  81*023  gm.  silver  sulphate 
56"071  gm.  silver  on  being  converted  to  this  by  heating  in  a 
of  hydrogen,  in  accordance  with  the  equation  AgjSO^  +  Hj  =  HjSOJ 
2Ag.     Since  in  silver  sulphide,  Ag^.  the  ratio  of  silver  to  sulpb 
the  same  as  in  eilver  sulphate,  there  correspond  to  the  amount  of  : 
found,  64-3985  gm.  silver  pluasulphur,  or  8-3275  gm.  sulphur,  and | 
remainder,  166245  gm,,  is  oxygen.    Since  in  silver  sulphate  there  j 
four  combining  weights  of  oxygen  to  one  of  sulphur,  we  have  the  ] 
portion  4  x  16:a;=  16-6245:8-3276,  and  »  =  3206.     The  mean 
of  all  such  determinations  has  given  the  same  number,  S  =  32-06. 


CHAPTER  Xin 

SELENIUU   AND   TELLURIUU 


>  20.  General  — Similarly  to  the  triiui  chlorine,  hromine,  and 
odine,  the  elements  of  the  sulphur  group  also  form  a  trinity  of 
imilar  siibstanceK  whose  properties  vary  regularly  with  increasing 
ombining  weight.  The  analogy  of  the  combining  weights  is  seen,  in 
tie  first  place,  from  the  following  table  : — 


Chlorine 

35-45 

tjull'hur 

3206 

Brnmiiie 

79-96 

Selenium    . 

79-2 

Iuilin« 

l:i8-S6 

Tellurium   . 

127-6 

As  can  be  seen,  the  combining  weights  of  the  corrosponding  mem- 
|«rs  of  the  two  groups  are  very  nearly  the  same.  Whereas,  however, 
cilphur  and  selenium  have  rather  smaller  values  than  chlorine  and 
■romiue,  the  relation  is  reversed  in  the  ease  of  iodine  and  tellurium. 

A  similarity  also  exists  between  the  two  groups  in  the  fact  that  the 
*8t  elements  in  each,  chlorine  and  sulphur,  occur  very  widely  dis- 
rnbuted  in  nature,  while  the  other  two  pairs  are  relatively  sparingly 
land.  Further  similarities  will  become  apparent  in  describing 
sleniiun  and  tellurium. 

321.  Selenium  was  discovered  in  the  year  1817  by  Berzelius  in 
tie  deposit  of  a  sulphuric  acid  manufactory  at  Gripsholm.  It  is  an 
lement  which,  like  sulphur,  can  exist  in  different  allotropic  forma. 
^lecipitated  from  aqueous  solution,  it  is  obtained  as  an  amorphous  red 
abetance,  and,  with  very  dilute  solutions,  is  got  in  the  colloidal  state, 
e  it  is  apparently  in  solution  and  passes  through  a  filter. 

From  comparatively  concentrated  solutions,  selenium  is  obtained  as 
bright  red  precipitate  which,  even  under  the  influence  of  the  tempera- 
lare  of  boiling  water,  cakes  together  to  a  dense,  black-red  mass.  At 
17"  selenium  melts  and  forms  a  dark,  viscous  liquid  which  solidifies, 
H  being  quickly  cooled,  to  an  amorphous  mass  of  a  black-red  colour, 
''hich  breaks  with  a  conchoidal  fracture.  If  this  amorphous  selenium 
©  kept  some  time  at  a  temperature  of  100"  to  150",  it  becomes  cryst 
He  and  grey,  with  a  somewhat  metallic  lustre.     At  G50'  it  boils. 

Whereas  the  amorphous  selenium  does  not  conduct  the  eled 
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extent,   tbe   property   of   conclHCtU-itr 

Ij  liii  iijrtirMf 

*   la  tkM  CSiMacliaa  tke  special  peculJArity  is  met  with,  that 

•kn-bul  eaoAmtMt^  of  oyMaDiiM  selenium  dcpenrls  on  the 
taoa  wUek  it  •xptnmtta,      fu  conductivity  is  nil   the  gre 
rtnagwlki  %h(t  vkkh  it  receires.     On  altering  the  smMf^V 
^i^tf*  than  iAmaf/m  «eeor  in  &ii  exceedioglj'  short   timG,  nw)  Inn 
pnetial  ^iplicatioa  to  the  eWtrical  triinsmissioni 
It  has  aot  jvc  been  d«t«raiiiie)l  on  whut  this  peculii 
bM    it  ^ipnn   tlut   traces   of    foreign    substanco^ 
ol   tbe   ideBiiim  eoattponnds  of   the   heavy  metals  wli 
M»  mxti  wkk  wthtamn,  fdaj  a  great  pari. 

b  iti  twmfmmmJt,  ideniiun  jjreaily  res«nit)!les  sulphnr.  for  Ay 
Mlnttdk  iAaiWM  Mrf,«ad  4«(flMV  iKi'^  ore  not  only  annlogonsl]" 
KJllit  to  th«  evn^NMidling  sulphur  conip<>iiiids,  but,  iti  part 
IftT*  a  iinikr  belMvietv.     Fnin  the  si>ecinl  description  of  the  < 
tbcee   similinlics  and  differences  will   become  ap): 
Tijtf  of  selcmum  is  Se  ^  79-2. 

Ir,  H^Se.  i^  a  ralourless  gas  n'ith  n  veiy  unjile 
,  rtriBif  >lutt  of  dearing  ntdish.     It  is  very  [wigoimiis, 
Ik  ipMial  oara  in  vorldng:  nnth  it.      It  readily  dinsolvos  in  wnvs^ 
hxM  MtOUM.     Tba  solution  has  a  feebly  and  reaction,  ;md  in  conli 
vWk  tbt  an*  rtd  ■el«tium  quickly  sepnratcs  out,  the  hydrogen  o!  < 
atlwhlUml  hwin^n  CT>nilvining  vith  the  oxygen  nf  the  sir  to  loi 
W»r     aHgSa  '•  0,  =  2H,0  ^  2Se. 

UjnlmpW  attaaide  is  tite  hydrogen  acid  of  selenium  in  tbe 
MM*  aa  hydray  sulphide    is   tlie    hydrogen    Hcid   of   sulphuTi 
Mn/tHir  wtwliaa  maktaint;  the  ions  Se"  and    USb,  both  of  vhi^' 
ti^MMwlM*.     TIm  sJis  of  hydrogen  selenide  are  the  mcUdlit 
^  IWM.W  <4  th*  ivo  «oinbiDing  weights  of  hydrogen,  selei 
lit\^b%<f««  to  dibasM,  ami  i^  salts,  therefore,  contain  either  it 
^jf^U^flll  v«%ttts  t<4  A  monovalent  metal  or  one  combining  weij 
#MtlpM  «MHv  «<<.-.       Setminretted    hydrogen  cim  be  obtained 
M^lltMM  vf  Wfiiaj^tt  aci^  on  metnllic  selenidc-s,      TIta  nii>tho<] 
MM'MwU  W  y»  inrrtNUv  Fcnwts  sclenide,  FeSo,  by  hentiug  selenium ' 
\)^'m  thM^  and  H«  trwt  ibis  with  hydrochloric  ncid.      In  a.  nuB 
Ufti    '''    -  tttvtfM*  lo  tb«  pi-cparation  of  sulphuretted  hj-dro^Q 
%!  .  lAnrida  and  s««lemurett«d  hydrogen  iire  formed  in  i 

FU^  +  2HC1  =  HjSe  +  FeCL 

Kt--..    >K.L   ^.K^tidua  of  the  difieieiit  heavy   metals,   soictii"""' 
|^^\.,  ti(w  the  forros ponding  seleiiinm  comjtomiHs  be  Ifii ' 

■    >l»av>iM.     The  conipoumls  of  seleninm  with  «"''"" 
■  (urvv  however,  readily  solubl*  in  water.      En  llir*"'! 
ktww  ^iiH'«uM|i»w  •iniilxTtjr    to    seleniuretterl   hydrogen,    so  tbit  Ai"'|- 
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tinw  a  rej   jireuipiluttj  of  auleniura  h  <!o]H>sitefi  from  their  9o(u- 
TbU  property  is  maiie  use  oi  for  the  purpose  of  obtaining  nr 
purifying   eeleniiim.      Tha  crude   mnteriHl    is   fused   with   Boilium 
Ic  (iir  vrith  tiociium  ciiclioiiatc,  which  Jicts  in  a.  similar  manner), 
filtered   solution  of  tbe  niclt  Is  exposed  tti  bIiuIIow  vi^ssc^Ib  to 

potaooous  action  of  seleniuretted  hydrogen  mentioned  above, 
OiBiBntially  "n  its  rcndy  di-coniposiibilily  by  oxygen,  Scleninin 
sepamies  out  in  tL«  tissues  in  n  iinely  divided  fonii,  uiid  ai^ts 
divtti it-Ally  find  mechanically  iis  art  irritant. 
S22.  Isomorphism. — The  selenium  which  sep.inites  out  under 
ioDudfice  of  the-  uxy^en  of  the  air  on  soluble  metallic  seletiides  is 
line,  :uiil,  tin  clii^er  uxaminatinn,  il  is  found  to  exhibit  the  saniB 
ine  foiDis  as  nionothnic  (priaiaatif)  sulphur,  "hich  separates 
ifrnm  tin  tutted  iiiiis.8.  Further,  eleiuontary  isL'leiiiuni  (lecut's  in  suniu 
'MtunJIr  occurring  kinds  of  sulphur;  il  is  mixed  uniformly  ivilh 
lilMulvciJ  in  the  sutphnr,  and  imixirts  %  rather  dark,  reddish  colour 
it.  LaMly,  a  larjie  niunher  of  correhijond inj;  cotnpmitidi  of  the  two 
■t*  exist,  hji\'iiig  the  mmr  rriiiliiUhie  furvt  itnd  oipable  ot  forming 
>us  " mirrd  eftjst'iU,"  i(,  crystals  tbe  tompoeition  of  which  is 
Interned  by  the  laws  of  sLoichiometry,  but  which,  Wkc  thiit  of 
can  fxhibit  every  rcfatioii  ivithin  definitL'  limits.  This  is 
(o  the  ordinary  hchavimir  of  substances  which  otherwise 
%j%  eryatallisQ  oul  sido  by  aide,  bo  that  jmre  crystnle  of  Ihf  one  Mud 
fouml  side  by  side  with  pure  crystals  of  the  olher  kind. 
Tb««>  facu  are  euil-raced  under  the  conception  fvf  tsfititfyrphism 
tity  at  form).  In  the  first  place,  two  aubstances  are  called 
when  they  have  the  eame  crysUiIlino  ehap*^  imd  can  foiTU 
crystals.  Thus  sulphur  and  selenium  are  isomorphons  in 
ct  o(  iheir  moiioclinic  fonna;  for  both  eluments  not  only  cryslal- 
•rpanilelj  in  Like  shapes,  but  when  they  together  pass  into  the 
Mate  tiey  form  mixed  crystals  af  varying  compoaition,  which  'is 
led  e*s«iitially  by  the  rcUttve  amoimta  of  the  two  elemente  in 
vther  liijtior. 

Wfaen  one  of  the  two  inomorphoiis  substa-nces  has  tbe  property  of 
llUing  in  different  forma,  the  other  suVistiince  has  often  the  sumo 
Ey.  Aiul  the  different  forms  are  alike  in  pairs.  Thus  it  is  to  bfi 
t«d  that  there  should  bo  a  rhombic  form  of  seleninm  correspond- 
to  Uic  rhombic  form  of  Kulphur,  for  ?uch  a  relationship  is  found  in 
»T  other  cases.  Such  a  form  of  selenium,  it  is  true,  is  not  known,  . 
Datumlly  occumng  rhombic  crystals  of  sulphur  arc  found  which 
moru  or  less  selenium.  l^eleninm  in,  therefore,  capable  of 
ling  mixed  cry^ljiU  with  rhombic  stdphm-,  ami  from  this  it  may  ha 
led  A8  |irobable  that  a  ihombic  ffiju  of  selenium  exists  although 
rliApB  *o  httlo  stable  uiulur  the  couditioiis  hitL&tto  ctu^loy«iL 
^uut  Dot  yet  been  piosail*!e  to  ohserre  It. 
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Eiemente   which  in    the   freo    state   a.ro   iaoraorphoua    with 
another,   bave  the  further  petiilinrity  that  their  correeponding 
pnuTids    with    othor    olenioiita    are    visiiiilly   isomorphoiis.      Thia, 
€xaniplc,  alraoat  Jill  tlio  siilte  nf  sulphuric  acid  hjive  the  same  cryi 
forms  Bs  the  porroBpomling  snlta  (iV.  containing  the  same  metJilsj 
having  a  similar    formula.)  of   selenic  aciil,      Huch    rBUtionahipe 
often  fouud,  and  tliej*  &re  also  sometimes  met  with  in  cases  wh^rej 
isomorphism  of  this  elemnnta  is  knoivii.     Hence  a  "widor  coiicev 
isomorphisni  has  heen  developeil,  ami  tlio  term  iwiiii/rjiJunis  in 
aenee   is  applied    to    thoae    elemonla   which,    vhilf    ud    //mimfh-v 
mor^fioij-g,  jtirm  isoninrplwni  fumjK'iimh  of  iikf  cimsfUiUUm.      Of  this 
of  isomorphistiij  also,  several  oxjwnplca  will  be  cited  lat^;^. 

aiitae  isomorphism  and  dniilunty  of  cnnGtitutioii  go  bund  iii 
the  fact  of  iijoiaorphism  can  be  used  in  doubtful  caees  to  obuio  a< 
to  the  formiii^ition  of  the  cora[H)niidB  of  new  elements,  i.e.  to  the  ch 
of   the   must    suitaUe    comhiciing  weight   from  Among    the 
multiplea  (p.  144).     In   former   limits,  c^^jieeially,  the  rolntinniiliipil 
isomorphism  were  of  great  serWcs  in  this  direction. 

*   In  drnwini;  aiicb  conciusiona.  however,  «t  ia  necessarj'  lorarefii 
.satisfy  oneself  that  isomoi'phism  ia  really  present     Identity  uf 
crystalline  sjst«m  and  the  possibility  of  expressing   the  foiTns  i>f 
two  sutEtftiices  liy  the  Sftme  wy^tallognphic  fomtania  within  tt 
of  ex^wriment,  are  not  sufficient  fur  the  purpose,  sinre  chanc 
went  could  not  be  excluded  in  this  way.    A  sure  criterion  of 
isomorphism  is  given  if,  along  ivHth  the  identity  of  shape,  the  prOf 
•of  forming  mixed  crj'stals  can  be  domon stinted. 

323.  SeleniouB  Acid. — When  selenium  is  beiited  in  the  nir  i 
pure  oxygen,  it  Ulcca  tire  n.nd  liurns  with  a  bluii-whita  t3aine>  tn 
selenium  dioxide,  HeO^.     At  the  ordinary  temperature  this  corai 
unlike  Bidphnr  dioxide,  ia  not  a  gas,  but  a  solid  cryst'illine  aulttt 
Only  on  being  heated  does  it  colatiliso,  without  malting,  and  paaal 
a 'vapour  of  the  colour  of  chlorine. 

Selenium  dioxide,  fnrtber,  is  formed  hy  treating  aelDniiim  with  i 
oxidiaing  agent.      As  a  rule,  it  ia  obtained   by  healing  selenium 
nitric  acid,  evaporating  to  flryneas,  and  subliming  the  residue, 

Selttniitni   iJioxidn   diasolves   in   water  and  yields  an    scad   lie 
which  contains  selenioua  aeid,    HaSeO^,     By  evaijoration,    this 
pound  can  lie  obtained  in  tranHparent  erystale  which,  on  hoaiingi 
water  niid  pass  into  selenium  dioxide. 

Selenioua  acid  is  not  a  reducing  agent  like  sulphurous  acid. 
the  contrary,  it  readily  gives  up  ita  oxygen,  and  elcmentiiry  seleo 
aeparates  uut.     Thus,  for  example,  it  ia  reduced  even  by  tho  org 
matter  whkh  is  usually  present  in   the  dust  of  the  iitmoajihor-e, 
for  this  resiBon,  the  moutha  uf  tliu  vi'ssels  in  which  Boleiiiona  acid  is 
are  generally  covered  with  a  crust  of  red  selonium,  and   the 
tjon  itfioJf  assumes,  in  couvbo  of  t,im«,  a,  reddish  coloration. 
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[Thv  recluctjon  of  Beleiiioua  acid  to  solmium  takes  place  very  easily 

Btnoothly  lijr  tnemis  of  sulphurous  acid,   in  accordance  with   the 

lioo  HsS«O,^2H.;^03  =  Se-r:;HaS0^  +  H,,O.     The  aelenium  first 

out  in   the  ciilloiduF  »;.tate,  a  red  coloured,  transparent  liquid 

fome<L     On  standiag  some  time,  quickly  if   h<:;Ht?d,  ^el^titum 

itc«  oat  AS  a  brown-rod  precipiute.      This  phEinomeiion  cau  Im 

Px  ideatifmg  ^cleQious  acid  and  its  snlts. 

324.   Belenic  Acid. — Powerful  oxidising   agents  ars  required  in 

to  couv«rt   the  anion  of  aelciiious  acid   to  the  highest  sf^g^  of 

of  Helenlnin,  viz.  the  ion  of  selenic  ncid  SeO/.     The  sodium 

Kb  nhtjiinMl   by  fiiaing  sudfutn  selenite  M'ith  sodiuin  nitrate.     The 

yiehU  U|»  one  combining  weight  of  oxygon,  by  ivhiL'h  the  former 

^  ^"a...SeO,  +  0  =  Na^SeO,. 

free  ut-iil  i*  most  ea«Uy  obtained  by  treating  Bi!%-er  selenile 

"  j«.    Silver  hromide  and  scletiic  acid  are  formed  in  Jiceord-i 

the  e^uiuion  Ag^SL-Og  +  H,0  +  Br^  =  H^SeO^  +  2A^'Br.     In 

to  vtrry  iiiit  this  reaction,  the  sQver  salt  is   covered  with  v-ator, 

le  added,  with  shaking,  so  long  as  its  colour  disiippc^rrs. 

aqneuiLa   sohitson    of    eclcnic  aeid    mn    be   c»nc<3nti-ated    by 

■ciori,  ;ind  a  thii^ki.sh  liquid  i»  finally  obtaineii  nhicb  haa  the 

j-»j  and    tht'    gentrid   Jippcaranre   of   concentrated   sulphuric 

pun*  arid  solidifies  Uf  crystals  which  molt  at  58";  themelt- 

nt  ta  premtly  lowered  by  quitw   8ma.ll  'jun-ritities  of  water.     A 

liyiinii«,  H^SeO^  +  H.,0,  melting  at  -5",  is  also  known. 

I  mini  I   3Uid   i«  distinguished  from  sulphuric  acid   by  iU   powerful 

action  ;    it  readily  dissolves  the   noble  metals  and    evolvcB 

with  hydrorldriric  acid,  thereby  iwissing  into  Kflftnious  acid — 

)^*^HCl'=  ILS.O;,i-€l,-r  il.,0.     The   salts  of  seJcnic  acid  are 

phoua  ([L  311)  with  thosQ  of  sulphuric  acid,  and  also  exhibit 

'-■V  rrlatioriB,     For  example,  its  barium  salt  is  Just  as 

'■■   na   h.aHum  sulphate,  and  the  bmUb  of  the  two  acids 

UhBTuiuiT,   Iw.'   rcudily  confounded.      In  order  to   identify  selcidc 

pnsetioc  of  sulphuric  acid,  the  li(.[U.id  is  previously  troatod  with 

ig  ■genl.     The  furnier  is  thereby  redncwt  to  seleuious  acid  or 

whil^   the  (iidphunc   acid   remains   unchanged,  and  cau  be 

u  such. 

}25.  Chlorine  Componnds  of  Selenium. — Of  the  remaining 
jid*  of  seh-uiura.  s'lfmuni  I'fruchlnn'de  has  still  to  he  mentioned. 
1  white,  crystalline  sul>st:ince  with  the  formula  Si-Cl,,  and  is  easily 
hy  healing  selenium  in  a  cun'snt  of  chlorine.  On  being 
it  i»  converted  into  vapnnr  wthout  prei'inus  fusion.  With 
it  (ri-ma  sclvnious  and  hydrochloric  acids,  in  accordance  with  the 
w  S^n,  -  3H,0  =  H>SaO^  +  4HC]. 
Coni[«rtf>l  with  sulphur  telmchloride  (p,  304),  which  is  exceedingly 
il  r  d4-cnm|x»«d.  the  corres|WDnd  in^  eeleni  um  toin pound  may  be  XeiTnei 
•tAU*  mltunce.     Tbjs  increase  fa  the  stability  of  tWe  cttorine 


314 


PRINCIPLES  OF  INORGANIC  CHEMISTRY 


comp'Oiinds  forma  a  loarkeil  contm^t  to  the  decrease  of  the  stal)i]i(| 
the  <:orrespoii(ling  oxygen  and  hydrogen  compounds. 

BcHKles  suleniiim  tetrachloride  tht-re  alao  exists  ti  Helenium 
chloride,  SrXL,  correa ponding   to  sidphitr  monochloride.     This 
dark  red-bruwn  iii|uJd  from  which,  when  heated,  aek'nium  tctrachla 
escapes  whilf  selenium  remains  behind — 2SpXlg  =  3Se  +  SeCl,. 
stability  relationa  are,  therefore,  difltiwiit  here  fi-om  what  tbey 
the  caso  of  swlphur',  where  the   tetrachloride  deconjpoBes  into  cli 
and  monochloridt;, 

326.   Tellurium. — While  iodim.-  is  very  siraikr  to  bromine,  it] 
in  external  uppuafauci;,  iit  lua^t  in  the-  ofttHto  of  th<^  cjnvspoB 
componnds,  th«  difforencfls  betwuan  si'loniiim  and  toliunniu  are 
pronoun c<i (J,    30    tlia.t    it   has   repeatedly   been    rpgai\ied    as    ica\ 
whether  thcai'  two  elcmenla  ought  to  be  regw-ded  a.*  mcmlwrs  ol 
siime  fnraily. 

Tellurium  is  n  grtyish  white  aubatance  with  it  m<.'tallic   hifitre| 
density  is  G"l,  and   it  conduets  the  clMtric  current  like   a   rotUvl-i 
melta  at  450",  and  boila  at  1400".     The  vapour  is  imly  eliglitly 
than  corresponds  to  the  formula  Te,, 

Thtf  ajmbiii'nif  iccighl  of  tclluriuin,  Te  -  127'R,  is,  as  ha« 
Iwfti  mentioned,  greater  than  that  oE  iodine,  whiavas  the  comt 
weights  of  the  other  elemciiLa  of  thia  group  are  smaller  than  the 
the  con'SBponding  halogens.  Many  inveetigntions  have  therefore  1 
carried  out  because  it  was  belicTw!  thut  thia  deviation  wad  dn 
incorrect  determinations;  it  has,  however,  been  foimd  with  cw 
thftt  the  numbers  are  aa  at-itcd. 

Bmdes.  the  metallic  telliiriiun,  there  is  also  a  black,  ap[»r 
amorphous  form,  in  which  tellurium  is  obtJiin«rl  by  iireciiiiE-iition 
its  solutions.      It  has  a  considoraljly  smaller  density. 

Telliu'ium   combines  with    the   metala   to   form    IclluridtiB , 
uorpeapond    to    the  sulphides  in   composition,   and    have    genci 
metallic  nppearauee.     The  tfillurides  of  the  alkali  mi^taln  avi'<  soliiEi 
water,  and  form  the  iimaTe"and  HTo'.    From  thuao  teilurium  b«j 
out  under  the  iniluenee  of  the  oxygtn  of  the  air. 

Telhirium  hydride,  H^Tu,  is  obtained   by  the  action   of   the 
acida   on   telkiridea  j    it  is   a  gaa   possessing  an   offensive  amoll 
poisonous   properties,   behaves  similarly  to   the  hydifigeii   com] 
of  eulphur  and  aeUnium,  and  in  n<|iieouB  solution  is,  like  these, 
docompoaed  by  the  oxygon  of  the  nir. 

Heated  in  the  air,  teilurium  burns,  forming  the  dioxide, 
is  a  white  substance  volatile  at  a  red  heat.     Tdliiraiis  acirl,  H„Te 
obtained  by  oxidiein^  tullurium  ivith  nitric  acid.      It  la  a  whitv 
slightly  soluble  in  water,  and   has  only  feebly  acid   propertii-s. 
atrong    acids,    the    compound    bohavcs    us   a    basi;,    hyilmxyl 
eliminated  and  a  salt  formed.     Compounds  arc  hereliy  produeed 
•ire  derived  from  a  tetmcid  base,  To.(QU^^=U^To6,+ ILO, 
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w  are,  however,  also  very  unstiililt;  towa-cils  water,  just  ;is,  in  fact, 
■ah«uui«e«  which  can  act  t>nth  na  baee  nnd  ns  acid  yii?l(l  in  Ixith 
N  ooly  sliglitly  stable  compounds. 

TflhirtMis  aciJ  wii  be  C'on^■el•tel^  into  ielhirir  acid,  H,ToOj,  bv 
vcrfal  oxidising  stents.  This  hae  no  similaritj  to  eulphiu'io  or 
UUe  acid,  for  it  forms  a.  crvstnllinc  mass,  difSnillly  soIu1>1e  in  water, 
I  posseffiing  fo-bly  acid  prttpifrties.  Ttiu  crystals  whicli  can  l^e 
Uned  from  waUjr  liave  tlia  coniposition  H.,Tl'0,  4-  2HS)  -  Te(OH)|,, 
A,  on  bratjng.  pass  first  into  tlie  «ci<l  H.iTeO^,  and  then  into  ^ths 
liTdridr  ToOj.  The  latter  is  n  yellow  maaa,  wliich  is  indifTo^rcnt 
knlf  water. 

Trllurie  ftci't  also  exhibits  Imsic  firoperlies. 

Whervae,  therefore,  the   oxyj;en  tompounds  of  toltuiniim  agree  in 

^ntitx-n  vrith  tliose  of  sulphur  and  seleiiiiini,  therr  r/n'iirrnl  Miini'oiir 

ay  diHtsrent     It  is.  it  is  inie,  a  general  phcnonientm  thiit  the 

^■■■Kls    with    higher    combining;  weight   form   mor^   fct-bly  acid   or 

^^^■irongly  bn^ic  compounds  compared  ivith  the  related  clcmcnte  of 

Wl^   combining    wmght,  hut    it    is    seldom    that   tha   phcnomonon 

'ere  ite  Ap^xeurxince  bo  abruptly  as  in  the  prascnl  case. 

FinAlIy,    il    has  to   Ik;   mc-ntionod   that    tellurinni    conibinGS   with 

Igrine  to  form  the  cotopcmudB  TeCl,,  and  TtCl^,  and  with   I'rontine 

fnrni    T^Wtj  and  TeBr^.     These  are  crystalline   Butstanees,,  vnW 

vitiiout  dcwompioeittou  at  moUorately  hi^h  tcniperaturoe,  and  re- 

MtQg  in  properties  the  halogen  compounds  d  ilie  metals,  e.g.  of 

lUUJ. 
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-327,  Geoeral. — Aa  was  showii  on  p.  36,  there  is  present  in  thai 

hesiilea  oxygen,  uriother  subsUncf  ivliich  constitutes  the  gi-e<iter 
Tjoth  by  weight  mid  by  vohima.      From  tlie  fiiet  thiit  tho  residue  of  ' 
air  after  I'omoviil  of  the  oxygen  can  support  neither  combustion  nor 
it  was  callaJ  tirute,  but  it  is  now  called  nifmieji.      Its  cb^mical  a^ 
18  N,  from  nitrngeniiim.     Tliia  name  ia  due  to  the  fa,et  that  nitroj 
an  aasentinl  compoiient  of  aaJtpetre  (nitriun).     Its  combining  wnigb 
N  ^  14-04. 

The  properties  o£  nitrogen  htp.  esaentiully  those  of  the  nir  rail 
those  due  to  oxygen.     Thns,  it  is  eoiourloaa,  odourless,  anri  only  sligh 
soluWe  in  wjiter.     Its  molar  weight  is  28  ;  as  gjia,  Eherefm-e,  it  hu  i 
formulii  Na.     It  is  diacingiiishei]   fTom  oxygen  essentially  W  the 
that  it  is  cnpiible  only  in  t^  very  sliglit  dogroc  of  reacting  cheniit 
with  other  substances.     There  are  only  very  few  substances  wliich 
unit*  directly  with  nilroycn.      If,  however,  tho  nitrogen   hiia 
into  comhiiiiition,  the  anlistHnces  which  are  formed  aliow  a  very 
stdemble   variety  and  power  of  tranaformiitioii,  so  that  llio  rangol 
nitrogen  compO'Unila  ia  a.  large  and  iniportiint  one. 

Coiii.pout\ih  iif  nifroifeii  nte  of  frequent  iiocurrence  both  in  the  mini 
and,  more  especially,  in  the  urgauic  kingiioms.      Of  tlio   former 
may  be  mentioned  the  important  gitjups  of  nrlnc  arid  imd  nmmoK 
these  will  presently  be  discusacrl   in  Jatail,     Jn  the  organic  king 
mtro>;oa  is  in  so  far  of  especial   importance  »s   tho   siilji^tjinreg 
which  the  phenOiuGua  of  life  arc  directly  connected,  and  whose  pru 
appears  to  be  necessary  for  the  processes  of  life,  via.,  the  iilbamtn 
all  contaitii  nilrog'dL. 

328.  Preparation  and  Properties, — In  order  to  ohuiin  nitr 
it  is  only  necoas.Ty  to  (roe  the  ordiniiry  air  from  the  Osygtfli  it  cont 
For  this  pur|iosL',  metals  are  most  suitable  which  comljine  with  oxjrg 
and  yield  solid,  Tioii-vcilatiEQ  oxides.     The  choice  is  eomewhut  limit 
from    the   fact   that   those  iiietsls   which   dccom|>ose   water   niiiiC 
exvltichil      Tiieae  would  form  \vydvtig«'n.  ^vwa  tt*  tCM^is  of 
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pr«e«nt,  »ti<l  this  nolild  coikL;uuIiiii.tc  the  tiiti'^i^eii,  and  could  be 
fmni   it  ou!^-  with  difficulty.      The  necessary  conditions  are 
foond  ani(«i]  in  fc^er. 

If  tL  curroiit  ui  air  h»  jjiiased  through  a  tube  filled  with  cop|>er  in 

form  of  turnings  ct  of  thin  wh-e,  and  ri^isoil  to  a  modiuni  red  hovit, 

'  "-      !>  all  ila  oxygen  to  tliic  copper  and  nitrogen  escajies  .ind  ran 

-  -i  over  vr*t«r  (Fig.  i'^).     A  colourlesu-i  gas  is  obtjiinod,  with 

it    is  eauj  to  demDiiatriite  the  property  that  liurning  substances, 

[y  wood  bnt  aleo  eulphur  and  phosphorus,  aro  ex.tiu^i5h@d  in  it, 

dtauUif  of  the  nitrogen  so  oljtaiiied  is  inthcr  grcnt«r  thnii  that 

prepared  from  its  cumiiounds  by  chemitnl  reactions.     This, 

ptuszluig  phenomenon  tiii«   heeri   eYphiined   by  the   fn<.'t   that- 

nilrogen,  there  is  present  in  tho  air  a  huavier  gas  whifih  com- 

ith  copper  just  as  tiltlo  as  nitrngcn  does,  and  therefore  remains 

with    thJB.      This   was    sepikrateKl    in   the  pure  state    from 


Dospbcrio  iiilrojjeu  by  Rnyleigb  and  Ramaay  tn  ISt**.  and  has  beou 
nwl  to  !•«  xn  i<l0ctientarv  subatauce.      It  has  been  called  arijoii. 
T  ■''■  of  pure  nitrogen  stands  to  Lh^t  of  oxygen  very  nearly 

Uii  s,     Nilrogen  19,  therefure,  iho  lighter  component  of  the 

;  Mid,  tb«refore,  lighter  than  this  iwelf. 

—  19+  ,  nitrogen  can  be  condetiswl  imdcr  atmospheric  pressure 
irieM  l)<^uid,  which  at  -214'  paegea  into  a  solid,  ice-like  sub- 

II  the  lem[)etature  is  higher  than  -  146",  gaseouB  nitrogen  cannot 

twil*  lo  aoHume  tho  liquid  sUite  by  any  pressure  ;   -  1*16'  is,  there- 

I  tba  trUiml  timprr-ilwe  of  this  substance.     The  critintt  jn-n&iurr,  or, 

iprotKiTv  ut  wbioh,  slightly  below  -  HS",  coudensation  c&n  still  be 

],  amouuu  14)  35  a.tm. 
ChemicAl  criteria,  by  means  of  which  gaseous  nitrogen  con  be  con- 
ImbhuUj distinguished  from  other  giises,  scarceiy  exist.    In  general,  one 
iconKst  to  regiird  us  nitrogen,  gaaes  which  arc  ni'ilher  toiuliiiiad\i\c 
tor  tu^ijxwt  coiubmtjuii,  .ind  which  da  not    eouiljine  with  TUtla^s, 
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phoepbonis,  aad  the  ocber  reagents  for  gii&es  which  are  in  u&e.  Sintt. 
us  lias  Ltcen  mentioaed,  free  nitrogen  hus  little  tendency  to  take  |un 
in  cheruicul  reiictiona,  it  is  geuer;iliy  of  no  ^cat  importjirn.'e  wtiyfc 
nitrogen  is  pi'esent  or  not ;  it  acts  oulj  aa  aii  indifferent  diluent  i« 
the  other  gusee  with  which  it  is  assoeiiited. 

If  nitrogen,  under  a  small   [ircssuic,  is  reiidorod  lununons  Ijui 
fll«ctri-c  discharge  in  a  mbe  arninged  for  that  purpose  (p.  9TJ, 
spectrum   of   numerous    lines    is    observed   which   is  moru   ospec 
characterised  "by  the  appearance  of  kinds  shaded  away  on  oiie 
These  consist  of  numerous  tine  lines  which,  on  the  one  side,  nre  cl 
vrnwded  together,  and  on  the  other  sida  are  regularty  arranged  furl 
uiid  further  apart.     By  means  of  thie   phenumenwn,  the   prcfientti: 
nitrogen  in  gases  can  be  recognised  with  corajiarative  eaaa. 

329.  The  Air.— Although  the  air  by  which  we  are  aurroiuided  tt 
n  mixture,  it  hug  bo  be  taken  into  iiccount  in  so  many  phenomena  tW 
a  special  discnsBioii  must  be  devottKl  to  it  her^ 

Air  consists,  in  round  nuinl>ei-&,  of  0'2I  parts  of  oxygen  and  0"iiS 
imrtB  of  nitrogen,  liy  volume.  If  tUt?se  volumes  are  multiplied  by  tie 
densities  of  the  two  gases  and  dividefl  by  the  sum  of  the  two  immlwr*. 
we  ohtjiin  as  the  pro|)ortion8  by  weight  0'23  and  0"77  rospectivolv 
The  numbers  are  not  jierfectly  constant,  since  proceasos  arc  continiinllr 
taking  place  in  the  air  which  tend  to  alter  this  mtio.  Close  invest)^ 
tioii  has,  however,  shown  that  tho  ditl'erencea  which  actiinlty  occur 
move  iiithin  very  narrow  limits  about  tho  mean  values,  oxygoii  0'21(J, 
nitrogen  <)7rfl,  arf£oti  O'OOi)  imrta  by  volume. 

The  influences  which  lend  to  alter  the  comjiosition  of  the  air  can- 
ant,  on  the  one  hand,  in  the  withdraical  <}f  wii<jeu  hy  ihxidations  of  all 
kinds,  i.F.  hy  rapid  and  slow  nnnfmiitiims.  On  the  other  hand,  jtw 
idunts  have  the  property  of  giving  off  oxygen  to  the  siu-roundintiair, 
and  the  almost  eonstant  composition  of  the  air  which  is  observed  ia  ui 
expression  of  the  fact  that  ihes':^  two  opposed  actions  exactly  euiicitei 
balance  one  another. 

If  one  considers  now,  that  the  processes  hy  trhich  oxygen 
removed  are  concentrated  in  the  large,  towns,  where,  converselv. 
evolution  of  oxygen  is  very  small,  whereas,  on  the  other  hand, 
evolution  of  oxygen  by  green  plants  occurs  only  in  summer  ;tnd  liiiri 
the  day,  one  m.i^ht  expect  much  greater  differencos  than  actually  oa'Ur 
The  cause  of  the  e([iiali5ation  is  to  be  found  in  the  grent  uwviHr-^ 
which  the  ocean  of  air  constantly  undergoea.  By  reason  of  thea, 
the  oue-aided  actions  do  not  Lake  place  on  one  and  the  same  ieoliiud 
portion  of  air,  but  are  distributed  over  iarga  and  varying  ameunU 
which  stream  past  over  those  difTerent  localities.  These  movenwnti 
also  produce  an  effecli^'e  mixing  of  the  dilTerent  portions  of  the  air,  awl 
the  comparative  constancy  of  the  compositioD  of  the  atmosphere  btbt 
result. 

Oti  account  of  the  fact  that  the  ratio  of  the  volumea  approxintatA 
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numlier    1  :  4,    tlie    supposition    has    soujetimes   l>eeri 
ihe  air  is  ii  clwrniml  fnitjimnd  of   iIil'  two  elements, 
(rrtnig,  for  the  properties  of  the  air  nre  those  M'hich  follow 
snieA  of  its  cjinponenu  on  tJiking  into  account  iJie  pro- 
of mixiii)r.     A  themit-aj  compound,  however,  is  tharacterised 
■Ct  UuL  iu  propeitios  are  esseii Li;il ly  dilibrctit  from  the  corrc- 

Ein  valut:^  of  UiL'  propurtice  lA  It^  vtHiiponente, 
nple,  air  aJlers  in  compoaiuoii  on  beiug  dissolved  in 
oxygen  UisaoL^cs  to  »  larger  ejxt«nt  than  nitroj^eii.  The 
cuts  in  wliicb  the  two  elements  lue  present  in  water  saturated 
,  are  0'35  oxygen  to  u-iio  nitrogen,  Furtbet-,  the  fotnponents 
itr  can  he  se|Hirated  \\y  dirtusion  (p.  Jl3),  rdihoui^h  riol  vary 
iHy,  since  the  two  densities  are  fairly  close  to  one  {inothor, 

the  two  (^as&j  mentioned,  the  air  alao  corituins  as  regular 
ttaiti-r   lyi/n.ur,  arijOH,  juid  mrbon  diuxi'ie.     With  vcgm'd   to 
w   nocesaary  dntn   have  alreadjr  heon  given   (p.  \'2h) ;   the 
tees  will  t<e  discussed  Uter. 

iysis  of  the  air  can  he  performed  in  inunr  ways.  The 
Jwililji  d  idiii  1 1  (|i  317)  L-iiti  bo  dui'dlopt'd  loai|iinntitiitive^  one, 
XeA  in  Pig.  92.  This  ia  done  with  greateat  jiccimicy  hy  hringing 
a  spuee  shut  ofl'  by  lucrtury,  iticasurirry  tlie  pn.'aaui'i3,  tuni- 
v\  volume,  aiid  then  removing  tlie  oxj'gtin  hy  mcjtns  of  a, 
>per  wire  raiaed  to  a.  red  heat  by  an.  electric  eLiiTonl.  After 
throe  nui^iiitiidi^s  ilk*  again  determined,  and  by  this  meiiiis 
r«taltuu  ia  obtaini'd. 
ait  appu-ALna  con- 
this    piirpoae    is 


of  glowing  L'opper, 

cam  be  lUfitl.     This 

Ivmotiige  tlial  it  re- 

oxygOD    very  com- 

Etn  the  &ir  even  at 
y  t^'^mpf.ratun;.  The 
IS  introduced  in  tho 
chin  rods  into  &  g\&f» 
|Mrih<- funn  .^  ( Fig.  9  J: ). 
^b«)  coiiipletety  tilted 
^■r  to  the  ]K.tiiil  a. 
Hd  be  inve»ltgftted  ia 
^Hn  a  gRuliijited  tiiln', 
Pbcrc/fc  "  lU  wbifh  is 
ntad  witli  the  nhnirplion 
f  bjr  nuuw  of  »  narrow 
^  laking  the  prepare 
;  wbicb  w  SUed  tn'th    water,   the   watei-    is    forced  over    to 
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tbe  ptcwpliorus.     ^Mlen  the  ahsorptioD  of  the  oxjrgen  ie  compleied, 
the  nitrogen  is  retiuned  to  the  gas  burette  bv  the  reverse  procesa,  «d 

is  there  measured  &[ls 
the  uUnnspberic  pre^on 
bH«  been  re-e&tablisbedlf 
bringing  ihe  water  leTeli 
in  if  unij  D  to  the  nw 
height 

A  third  method,  gimi 
more  tbiui  a  buodnd 
years  ago  hy  Volta  (Uu 
inventor  y(  the  Toli 
pil«),  depends  on 
conibin.ition  of  ojiygS 
with  hydrogen.  TIip  jit 
ia  plaot'd  over  niorcun 
in  H.  graduiLted  tube,  iiiw 
the  upper  end  of  wtiifli 
two  platinum  wirea 
fused  ;  the  volume, 
•are,  and  temperature  are  meaBured,  and  lu/'frmnrn  then  added, 
repeafctng  the  m(!aaurE>ni<^n^  the  total  volume  is  aseertained 
allowing;  an  electric  spark  to  pass  through  tlie  mixture,  tbe  oxygtji 
combines  Hith  the  hydrogen,  and  the  former  entirely  disappears  il 
aafficieiit  hydrogen  has  beea  added.  If  the  gaseous  residue  ia  now 
measured,  ^rds  of  the  voltime  which  has  diBAppcared  consists  of 
hydrogen,  ^rd  of  oxygen.  The  amount  of  o-xygon,  by  volumei  in  Uh 
air  examined  is,  therefore,  obtained  by  divitting  the  diminution  o( 
volume,  after  explosion,  by  3. 

Great  importance  was  formerly  attached  to  the  determinaiion  of 
Iho  amount  of  oxygen  in  the  air,  because  it  was  believed  that  uikj 
depended  the  good  or  ill  health  of  man  and  beast.     The  fact,  howei 
that  the  variations  which  occur  are  very  small,  and   that  the  voli 
concentration  of  the  oxygen  in  the  air  is  altered  much  luore  than 
amoiuit  of  these  variations  by  the  comparatively  small  chungos  in  it 
pressure  of  the  air  and  in  the  amount  of  vapour  it  corilaiiiB  at  diffen-nt 
times  and  at  diSbrent  heights,  haa  led  to  the   conviction   that 
intluerices  are  not  appreciable  ;  the  analyaJa  of  the  air  has  thereby 
much  of  it3  former  interest." 

330.  Oxygen  Compounda  of  Nitrogen.— The  number  of  co 
poiindfi    ivhich  o\yf^eii    (partly   along   with   hydrogen)   is    capable 
forming   with    nitrogen,    Js   very   gieat.       In-stcad    of    treating   tl 
Btrictly  syBtcmiitically  aeeordiiif^  to   their  composition,  it  will  be 
expedient  to  first  couaidiir  the  most  important  imd  most  widely  di 
buted  of  them,  from,  ivhich  the  majority  of  the  compounds  are  foi 
These  are  nitric  a<:id  and  it&  salts,  the  iiiiml'-s. 
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-■/  is  an   acid  of  the  coni[>rjsitiou   HNO^ ;   it  contains  the 

uonovalei.it  iiiiranion,   Nt*.,',       Its  occiuTeiice  in  thn   free 

in  nsttiirv  ie  exccptioaal,  for  Lbe  roiisoii  thtit  it  is  it  strong  aciij, 

»r«fc»re,  at  once  forms  sails.     All  the  more  freijueut  and  wiilely 

Ited   «re  the  salts  of  nitrio  acid.  Or  tbo   iiitrales.     Snlljjehv,  or 

mn    nilrate,   KNO,j,   has  lH?en  ktinwn   from  ^iiideiit  times,   and 

in  tha  earth  in  flaccs  vbct'o  iiitrogcnoiia  animitl  aubst&iiceg, 

aninial  excremBntal  matter,  is  subjected  to  the<  action  of  the 

ic  oxygen.     It  cn-n  l>c   readily  obtained  by  extracting  the 

vitfa    irater   ami    evajioratmg    the    uilution.       Sirdium    nilrnie, 

>P  knoMTu  AS  Chili  wUprlrf,  is  found  (icoiiinubLtGd  in  the  minl^Bg 

of  Chili,  and  serves  as  the  must  imjiurtaiit  source  of  iiilric  atld 

il«  i!f»rivAtiv«3,     FiniiMy,  it  lias  to   be  mentioned  thiit  the 

oxygen,  and  water  in  tbo  air  can,  under  the   Influence  of 

processes,   combine   to  nitric  acid,  whieh  is,   thoi'efori'j  not 

jtly  found  in  the  form  of  itji  siltw  in   rain-water,  altbougli  in 

ain«itnts. 

nitric  aeid,   HNOj,   is  obtained    by   JiBiilling   its  salts  wilh 

mr  arid.      The  con-esfiondin^  sulphate  ia  formed,  and  the  nitrif 

rhicb  i»  readily  vo]iiliie,«in  be  distJUfd  OH' from  the  rion-vnbitile 

With  sodium  nitrate,  tbe  reaction  Cukes  jiIhc*'  nwoiding  tu  ttiu 

2NaN03  +  lUSO,  -  SHNO.,  +  Na„SOj.  _ 

CMS,  nI»o,   the   process  takes   place   in   two   stages  ;    Acid 

, j^alc  is  liret  formed  (p.  203),  NaNO,,  +  H,HU.  =  NaHSO,  + 

^  and  the  other  renetion,  NallSO^  +  NaXO,  =  Na.,SO^  +  HNO„ 
plN*.T  only  at  Idglier  tt-mperatuies.     Since  at  the   temperatiiru 
Fur  tlii^  lut!  nitric  acid  ia  tinsliilile  and  de(.'oni[>osr>s  into  other 
.rje,  it  is  iisiiaL  to  take  tb<-  cnmpont^ntB   tn  accordance  with  tbe 
pRitial  reiwtion,    nitric  acid   being    obtained  iiloiij>  wilh  acid 
■.  milphato.      Like^t'i^rie,  it  i^  customary  to  mid  a  little  water  to 
nlptinric  acid,  as  oigueoiis  jdtrifr  acid  docs  iio't  dccomjiose  ui'ariy  so 
■\  U(£aU.-d  ivs  tbt-  atihydrons  neid, 
..  --■,-^er,  by  carrying  out  the  distillation  in  a  rarefied  atmosphere 
law«r   temperature   (p.    160),   the  4l>ove  disadvantages   can   be 
—jTvA.      Ill  the  maniifacnirea,  almost   pure  nitric  acid   is  prepared 
|th«  large  scale  at  the  pre^t^nt  duy  by  diaUIIation  imd>er  reduced 

nitric  »cid  is  h  colourless  liipijd,  with  a  density   I '56,  and 
86'.      It  does  not  keep  well,  for  even  under  the  influence  of 
l4eeoiDpos<£  into  oxygon  and  lower  (if.  containing  lesa  o^ryf?''") 
kOJMU  of  nitrogen,  which  dissolve  with  a  yellow  colour  iu  the  rest 
Addition  of  water  makt's  it  much  more  Blable.     Th*  (.•ause 
.!-■  »ime  as  that  previously  given  in  the  ease  of  (jeirWonc 
Vpt  aai> ;  nitric  acid  Ajts  a  great  timcieney  to  form  ions,  and,  ttftt^- 
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fore.  prtR^^jtses  by  which  water   is  pr<>diiceil  fnjni  ihe  atiii.  Utke 
with   esfwciiil  rewlinuss.      This  m  what  oci^iira  in  the  ^lecnmiMwilifl 
nitric  acid   under  the  iiiHmi'nte  of  light,  for  the  hydroj^ea  of  thej 
thereby  paagea  irir.fi  wiiter. 

Oa  adding  increaeing  ([iiuntitica  oi  water  U>  ihv  u«id,  tbc 
point  of  the  latter  rises  not  only  to  tliat  of  water  but  conaideB 
liiylier.     The  highi-'et- huiling   pnint,  120"  iindor  jitTiioapTierie  pr 
is  [WiBsasscd  by  the  G8  poi'  cent  acid.     On  further  ndditirm  nf 
thL^  lioiling  point  a^Tvin  sinks,  and  ultimately  reiichfs  tb;»t  of  wat 

The  relatiinis  which  obtain   here  uru  therefore  perfectly  aimili 
thoae  in  the  case  of  hydrochlonc  at-id  (p.  184).      In  ihie  case  ali 
mixture   of    O-HS    nitHej    acid    und    0'S2    watei',     which    cm 
approximately,  to  the  formulii  2HN0„  t  3H,,0.  niufil   not  ba 
as  ii  clismiL-iil  compound,  lor  its  (composition  uhnngeii  with  the ' 
In  this  caac,  indeed,  the  acid  is  all  the  mor^  concentrated  tbp 
the  pressure  under  n-hieh  thi'  dislillntinn  proceeds. 

33 1 .  The  Chemical  Properties  of  Nitric  Acid,— Thi-  pro|i 
wliich  aro  pu^stE.scd   by  nitric  acid,  iis  an.  mill,  must  bi*  dii;tiri):iitl 
from   thoae  whicli    ptTtaiii   to  it  iu   respect  o1'  Mrr    dfcoiuposiB 
Thi-  foriner  di'jH!»d,  as  has  prc'V'iously  been  ojcpIaim-J  (p.  21.'i).  ■ 
ally  on   the  degree  of  elcctrolytit   'iisBociatioii  ;  the  oljiers",  huv 
depi'iid  on  the  composition  &tid  the  stability  of  tbe  anion,  and 
undiusociati^d  m(\d. 

With  THganJ  to  tlie  first  point,  nitric  ;n:id  belongs  to  the  sir 
acid?,  and,  in  this  reapi-'ct,  ranka  lilon^'  with  hydrw^hloric  arid,     t\< 
in^ly.  even  at  groat  dilution,  it  ]ins  an  ;uvid  tJistt.-  nnd  reddene  li 
i^ikewisi-,  it  leiidily  rtltacks  and   (liBB<jlvce  metals.     In  this  i-iwi',  ■ 
cvi-r,   liydtujten    is   frcijui'niiy    not    hln'rated,   bill  combini-s  with 
oxygen  of  the  nitric  acM  to  form  water,  correspond  in  ji  nHluctioDl 
diiL'ls  bciiij;  thereby  formi.'d. 

Sintte  the  diflBociaiioH   jncrijafiea  with  liiliJiion,   the  ^eii«nl< 
piiipertics  of  thi3   subatiince  wilt   become    most    prominent  in 
sohitions,  whereas,  -oa  the  other  hand,  ihi^  specifie  aetiotis  which 
jn"t  been  mentioned  will  be  chiefly  found  in  concentrated  solution 

As  can  be  gathered  fiTim  tho  sUUiniurit  madi-  nl»ove,  that 
nitric  acid  dccompoaes  i-'ven  under  thi-  inflnencr  of  lighl,  rhis  siilwH 
hidonjis  to  the  same  type  of  uompttuuda  as  ozone  and  Lydf 
peroicide,  ri&  cotnpounds  which  can  ^ive  up  oxygen  and  piLH^ 
more  stable  siibfttJiiicoa.  iind  which,  therefore,  act  as  strong 
^tj/niM.  As  a  matter  of  fact,  thia  is  the  most  prominent  prop^if 
nitric  :Leid,  and  most  of  its  apjilieationii  depend  on  it. 

This  propi.Tty  of  nitric  atid  (irst  became  knoivn  in  the  caw 
action  on  th''  iiu'IjiIb.  There  are  a  nnnnber  of  inet^ds,  such  as 
mercury,  and  silver,  which  an^  not  dissolved  by  dilute  aciits.  (J 
olher  hand,  they  are  precipitated  from  their  sails  by  byilrogcn. 
raiise  of  this  lie«  in  the  "verv  (ViWcwut  cimtViiTOwt  ui^dcc  which  cl)4 


NITKOOEN 


339 


libriuRi  belM'et-ii  the  nnnn\s,  th<>  hydt'ogun  ami  ths  ions,  is  BatAl>- 
Since  a  substance  acts  all  the  mure  strongly,  i.e.  has  a  frretiter 
Bjr  to  (liaapf>enr  as  such,  thu'  nioro  coiiC(.'ntiutL''i  it  ie,  it  can  1>t' 
thai  at)  ineiAls  will  be  prfdpitaU'd  frtim  thi'ir  salts  hyhydrognii, 
IS  <'nv|>loyeti  i"  suftiible  eoncciitrsiUoii.  Such  tt  rcmetinn  na 
'  HjSO,  -  ZnSOj  +  Hj  could  then  hu  ri'versi'il,  si.,  llmt  zinc  aiid 
rir  ac«l  woulil  he  produced  from  zinc  sidphiiu-  and  hydrogcu, 
ditTrn-at  mcuUs,  now,  anv  diatiii^uiiibcd  by  the  ditlercnt  cun- 
m  of  hydntgi'ii  ri''|iiiri>i!  fur  such  u  ri'jiu'tioii.  Whereas,  in  the 
rinr.  it  wuiild  luquiru  lu  be  vory  ^eat,  aiuce,  indci-d,  thi' 
1  ihf  aiidw  by  this  tdcUi!  ta-kes  pLice  so  (."asUy,  it  wuuhl, 
'i.ind,  1h-  very  small  in  the  case  of  silver,  foi'  !iydrogeii, 
'■Ddcr  ihi*  ordinarj-  preesurn,  anil  thiTi;fore  of  the  corn'spondiiigly 
cnacetitrHtiuti,  is  »iifh«icnt  to  precipitate  silver  in  the  mctHllic 
■fnmt  its  salts.  All  thi'  mctnU  cjin,  accord  in  ji-ly,  be  ari'Jinged  in  a, 
■:  with  <ht'  mt-tiil  wljicb  reijUires  the  .greatest  conci-u- 
■  ''^•■n  fnr  it^  pivdpiiatioii,  arid  ending  with  tba.t  which 
m|iiilittriuiii  M'ilh  the  nin^t  dilute  Lydrogvn.  This  si'riet)  would  be 
iLumlly  divitled  into  iwii  [Birta  at  thitt  point  ;U.  Mhiuh  the  mil- 
at  the  hydrugcn  corrcjijwjada  rxautly  to  one  utmosphpre. 
It  is  tnip,  an  arliitrary  choice,  hut  it  corresponds  to  by  far  the 
number  of  ftiwe  in  which  (hv  heltitvionrof  the  metals  is  tested 
m:n  tiui-mion. 
the  brat  •ii«iaioa,  that  of  thv  mi'tula  winch  evolv-o  hydrogen, 
tu  the  tirsi  |ilaci'.  all  th*'  light  nu'lals.  iiiid,  of  the  heavy  mt-tids, 
bcluii^iui;  to  the  iron  ^roiip.  Tbv  h^-avy  lucLaU  of  the  othiT 
beluii^;  chicDy  lo  the  second  division,  but  tin  is  an  exctiplion, 
«t«i»U  &»  till-  iKH-iU-n  Thi's«  relatiutifi  will  be  more  fully 
wl  iiiuii-r  ih"*  different  mctiils. 

Is  now,  whii'h  are  tioi  dissolved  by  dilute  acids  with 

'iiitj^fu,  are.  for  the  u»»si   |wirt,  readily  dissolved   l»y 

»e¥i.      This  is  due  to  the  fact  that  the  nitric  ncid  convei-ta  the 

which    is    fii>t    forniod    in    the    iiction,    although    only    in 

ihly  tninut^'    trncej;,   into  water  by  oxidation,  and  removes 

pforr.  frurn  ih.c  sphere  of  action.      In  nthcr  words,  us  action  is 

ttUntatn    an    •.•xcecdiugly  jinall    concentration    of    hydrog^^u,  and 

wk«  it  [Mi^sihlc  for  more  of  the  mctnl  to  ptias  into  solntion. 

arv  olso  aotiio  mctjda,  auch  as  i:i*Id  imd   platitnini,  which  are 

lifiHKilveii   by  rutric  acid.     This  di^jicuds  on  the  fact  that  even  the 

eooecntnLtion  of  hydrugcu  obtaineil  hy  me-iuis  of  nitric  acid,  is 

^graai  U)  allow  of  a  reaction  taking  place  iti  the  evnsv  of  a  displnce- 

^4^  hydrogen.      In  otilcr  to  diABolvo  such  tiiftids,  strong<?r  ovidis- 

jywta    art;    rc<|Utri'd,   by   whiili   ii  ntill   jsinallci'  coni'i-riimtioii  nf 

i*  adiiei-M.' 

I'UnMo  M  kUii  •>t>Uti>nl  niiii  WOK  fn-Ulc  i<xt>lii\u}t  /limits  |jroriili:<1  Vliir  iimtiitt 
^*< h ^i>B>wfcf/r  'Utif-      WV  'hull  rater  ijito  lliit  jit  n  Iitltr  time, 
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ahtM  Other  oxidising  agenta  (*.(?.  chloric  acid)  also  decolorise 

untnistAkahlp  test  consists  iii  the  dark  colonilinm  prnfluoed  by 

iu   litjuids  (yiiitniniug   Jiitriilcs.     Tlie   tfaeoiy  and  prncticai 

■of  tilts   raicljiiii   will   bu  give:)    somewliJit  lat<tr  in   cocmeution 

coin|M^uiiii  lit'fe  in  i|uc5ltori,  viz.  nitric  oxide. 

Nitrogen  Pentoxide. — If  pure  nitric  acid  be  treated  with 

MgciiLA,  it  luscs  the  elementa  of  watLT   and   passea  itito 

hnlride  (p.  21.*l),  in  acconlanco  with  the  uqiiation 

2HN0,,  -  H.O  -  N/),,. 

ioffoct  this  raactieii  it  is  not  siilticient  to  ubo  sulphuric  iidd,  but 
puw«rfitl  <lesic(!itliiig  agent  Iciiovni,  viz,  phosphorus  pentoxide, 
I  be  employed.  Thta  sulisiance,  which  we  ehall  simu  descrihe  more 
is  a  white,  snow  like  powder,  ohtici riLiil  by  burning  [iho.^phorus 
air.  If  this  is  added  lo  nitric  nvid  conUiinsd  in  it  retort,  and 
nixuirr  dulill^d  after  some  time,  the  anhydride  of  nitric  ^ctd 
aver  aa  a  moltitc,  ven'  volutllc  li>|uiil,  which  soon  solidifies  to 
rr^UiUine  stibEt;niee,  melting  ;it  30  .  This  is  exceedingly 
and  decuraposcs  »]ioTitiiiiL'oui5ly  into  oxygen  and  nitrogen 
:  2X^0^  -  4N0.,  +  O^.  The  decfjinpositinn,  rilsu,  is  not  pre- 
hy  s«a]iiig  up  the  subcibtnce  in  tulics  iiud  thits  protecting  it 
action  of  the  air  ;  such  Miboe  ii.'^unlly  explode  after  some 
the  |irti»<8ur(]  of  thu  giimeoiie  proiliict-i^  of  dt^cuinposition  ha» 
.  great  enough. 

pentoxide  dissolves  in  water,  with  formution  of  nitric 
procoM  expressed  in  the  above  equation   taking  place  in  the 
I  WittM. 

334.  Thermochemical. — The  hejit  of  formnUon  uf  sulid  nitrogen 

ie  u>  SJ  I.-J,  ilul  of  the  gaseous,  zero.     On  dissolving  in  water, 

an»  developed,  two  moles  of  dilnte  nitric  acid   being  thereby 

We    have,   therefore,    the    equation    SN^  +  'iOy  +  aq,  = 

^ai\.  +  'J  *  I  25  if.     If  it  is  desired  to  refer  the  heiit  of  formation 

^dHtvo   acid  to  the  elements  hydrogen,   ojtygiin,   mid   nitroj^en,   the 
of  formalinn  of  water.  -111.,  +  0.^  =  2RjO  +  2  x  38G  Ij,  lins  to  be 
and  there  is  ohtiLined 

H.+  N\+30j+aq, -2HN0.,;i(|.  +  411  ij. 

lMa(  ol  forniiition  of  one  mole  of  dilute  nitric  acid  from  hydrogen, 

oxygen,  nnd  wntfir,  is,  thei'cfori?,  205  /:/. 
33i,   Nitric  Oxide. — Lower  oxides,  of  nitrogen  are  formed  by  the 
of   mtrit  aeul  o«  copper  or  other  meiaU.     The  iialuiu  of  this 
in  ba*  already  lieen  explained  ;  it  depends  on  the  fact  that  the 
of  Ih*"   nitric  «eid  which   is  replaced  by  the  metal  combineB 
oxygon  of  another  ]xjrtiun  to  form  wfiter.     Varioita  pruducts 
tWin  aw  here  formed,  act'onling  to  the  metals,  tbo  Lem^raVvwe, 
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ift  peculiATitj  of  nitric  acid  of  dissolving  silver  but  of  ]em 
nuli&cVed,  is  iised  tor  the  separalion  of  mixtures  or  allcijf'J 

0  m«tAls  '.  oil  treatment  with  iiitrii.'  »ci<i  the  silver  piisst^s  itiU 
n,  wliereas  the  gold  remains  iiiidis^olvL"],     On  at-t-oiint  of  in 

1  powtT,  this  iicii.1  wiLs  called  iii/»'i  furlh  t>y  the  ulclipuiist*. 
TIio^  metals  w-hi<:h,  like  zinc  mid  mugiieaiuni,  flissolvc  in  diltt 
prith   evolution   of  hydrogen,  .ire  also   dissolved  by   nitric 
to  of  the  fact  thiit  they  arc  liiasulvcrl,  the  ovoliition  of  hyi 
9e  cases  apjieiirs  greatly  diminishfd.     This  also  is  due  to 
at  the  hydrogen  combiiios  with  the  oxygon  of  the  nitric  acidf 
-(Iter ;  in  this  ciise,  however,  the  ri'inoval  of  oxy^'en  goes  fu 
I  ]>Ufe  of  the  bio^vii,  ^.ueotis  products  of  reduction,  comp 
■ogan  are   formetl   which  coiitnjn  hydrogen.     These  have 
ti&s,  All*!  reniMn,  therefore,  disaolvcd  in  ihc  acid  liquid, 
ion   of  salts.     The   Usl    prodiR't  of  this   reaction    is   awa 
will  lie  clisfiissed  fnrthei  Mi], 

2.  The  Salts  of  Nitric  Acid. — Nitric  acid  is  a  mon 
iiid   fiirni.'^  only  one  elii.'^«  of  salts,   namely,   moiiovajont 
ill«  of  lUe  fnmiiilii  MNU.,,  divalent  metals,  salts  of  the  fo 
tj)p  etc.     Theae  salts  can  be  fontied  in  all  the  ways  we  III 
Vm  in  which  suits  arc  fotmed  ;  for  example,  Ijy  ihe  actinii  of  i 
m  Inmob  ur  hvdioxidee. 

W  nitrates  all  have  the  property  of  iieiriy  mure  ur  less  re* 
k  la  wnUjr,  so  iliat  no  pretijiitation  reaetioii  i.'^!  known  for  i 
RJ,'.    By  rcfison  of  the  l;i.rge  iunomit  of  oxygen  they  coritiuiii 

Rl«  when  thrown  on  iiicandeseerit  ehart'oal,  (.<■.  the  cl 
■I  the  ex|KMi&c  of  the  oxygon   of  the  nitrate,  rapid! 
abined  with  vivid    prodiu'tion  of  light.     The    i>\y^ 
^^\fj  Hii}  \vnM,  for  allliough  ihe  nitniteg  are  much  mon;! 
jF»  arid,  ihey   all   exhibit   ihe    property   of   decouipotiici 
^^p-r  Vzl".  t<'nip'-niturcs   with  ovohilion   of   usy^t^n,   tlie 
^H  .'iai;  Iji-hind  hn  nxtde. 

^K  ^  i...[,!i,T,i;i,(]6  of  the  nitrjitee,  nhu.  dtjptiiifi 

I     '  .  I   !      li'  .    J  ■  I-  up  oxygen.      The-se  will  he 

1  the  i-fis^pective  metals, 

■  ;i'  wid  jiiid  of  tlie  nitrates  'icf/i 

■  'iitirig  a  nitrattt  is  wi""" 

ipper  is  uxidiscLi,  i*i"li 

'il  are  evolved  as 

i'lnntitics  vi  NO,'' 

.vestigated  witli ! 

.  be  recognised  cv*l 

ii;   and  whieh  is 

I  pr-oducta.      If,  the 

■a  when  liGutcdj  the 

lu   teat   is,   however,  not 


to   i'- 

>L  vifr 


As  a  ni""  ^ 
^id.  and  inc^  , 

is  property  oi     _ 

ry,  and  silver,  w 

haud.ttiej'^"-  1"   . 
of  this  lies  in  the  vi^ 


mtkt 

tte  Atarj 

■nz.  ■itric  oxide. 
. — H  ■«  aitaric  add  be  traitcd  vitk 


n  iiiiiiiinrtahMr 
atts  in  fi<|adi 

tbeoompooad 

33.  BIkncn 

briing  igenu,  h 

Hbct  thjufclii  h 
IK  poirerinl  4«<KCIlilg ; 
Ik  emplored.     Tkii  i 

is  «  white,  ■»!■- J3»  poviW.  akcaaed  b;f 
)r  air  If  tka  h  «U«1  Io  aitric  acid  calaaieJ  ia  a  ratorS  ■■d 
SBXtw  distHied  after  ajve  (>■«,  t^  anhrdriiie  of  utrie  aod 
I  over  as  a  atoUle,  ray  iiihlili  Htfaid.  wlikk  mmb  asfidifica  to 
lite,  cr^ratailioe'  mlai  iiii  i .  mttu^  at  30'.     TUi  it  aneefi^j 


2HXp,-H^  =  S/)j. 


TW  dww|waitiuM,  aSmo,  u  boc  pn»- 

ia  tafae*  aad  tb»  |Miiliiilia|,  H 

Ddn  iiiailTj  ezplsde  after  anM 

praducta  at 


kUe,  aod  deoompows 
ddet   2X.0j=4.\Oj-O, 
id  by  waiii^  up  tbc 
j^V  actum   of  the  air; 
Hfea  Uie  praaareW  the 
l^nat  encN^. 

ca  penbttidr  diaaolTca  m  water,  with  toKBHtioB  at  mtne 
Iprooee  eipwid  ia  the  above  etfaattoa  taki^  fiaee  ia  tke 

U.  TheriDOchenicaL— The  heuaiicrHadoo  of  solid  oitragOB 
~  ie  5^  <>,>,  tltat  of  tbft  gaaeotu,  tov.  Ob  diawlniig  is  VaUT, 
i  an  dereloped,  two  niolea  of  dihtte  aitric  add  bdag  dtanliy 
Ocetl.  W«  tutre.  tbadare,  the  eqaatioa  33$,  -^  SO,  +  aq.  ^ 
0,iu|.  f^  .!  >  l:;a  I>  If  it  U  denied  t»  refer  the  beat  oT  fonnatian 
trio  actil  to  tin  tieaeoH  hydrogea,  vxjgm,  awl  nitrogen,  the 
.  farnutioti  of  water,  3H.  -r  O,  =  311^  +  2  ■  2^<i  ^,  has  to  be 
'  there  is  obtained 

H,+  N, *  SOj - ».).  -  2HyO,aq.  +  411  ^. 

'  fonnattnn  of  ime  awle  of  dilate  nitric  add  fram  bydm^en, 
Ti-2eo,  and  wawr,  i^  therefore,  205  ^. 

lie  Oxide.  —lAjwer  oxidea  of  introgm  arc  fanned 
jjtric  add  un  wpper  or  other  metala.     The  natare 

already  been  eicplained  :  it  depends  on  the  fact 
of  the  nitric  add  whieb  ia  replaced  by  the  metal 
the  oxygen  of  another  portioa  to  ftimi  wst«r.     Various 
idiictian  are  here  fanned,  accmling  to  t-be  metals,  the  temper 
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the  vapour  h  l>laclt-re(i  Jiiid  almost  op!ic|Ue  evpii  in  thin  layers.- 
lowering  tKe  teniperature  atid  iricrmsitig  the  [H'esBwre.  the  fonuorj 
colour  returns. 

•  These  raliitioiia  cjin  be  easily  made  tilear  by  filling  two 
lubes  of  iibout  2  cnt.  diiinietei-  with  the  vsipuiir  of  nitrogen 
under  the  same  comlitions,  sealing  them  off,  anrl  heating  one  of 
AVhereas  the  tiibL'  which  is  kept  at  the  onlinnrv  tempenitiirc  af 
pale  brown  in  ci.iloiir,  the  hewi.tcd  one  anon  aciniirea  ;»  proimuncedi 
coSour.     The  coiiipivrabilny  of  the  two  tubes  is  assured   by   Ihflj 
that,  under  these  cundibioiis,  lioth   contain  the  same  amount  oil 
stanco  indei-heud^nt  of  tha  temperiiture. 

These  plieDomena  me   Gxplnined  by  the  fact  that  there  an\ 
different  compounds  of   the  sjLine  composition,  which  aru  jjolyi 
the   one   containing   twice   as    many   combining   wt'ighta   of  th* 
components  as  the  other.      In  accoiMlituce  with  the  density,  the  fa 
haa  the  formula  NO^  the  other  NuO^.     The  fonucr  is  dark  cole 
nnd  is  formed  at  a  high  temperature  and  under  a  amnll   prei^aurej 
latter  is  almost  colourleas.  and  is  formed  from  the  former  uniie 
opposite  conditions.      Under  all  cireiim^tatites,  the  va[K>ur  of  iiit 
pcroxitle  is  a  mixture  of  the  two  forme,  tuid  the  relutive  anioui 
these  cati  be  L'alcnhited  from  the  density  of  the  vapour. 

*  Thus,  at  H'O"  and  -19"S   cm,   pressure,  tbi;  moEnr  weight 

been   found   eijiml  to   62.      If  j"  he  the  fraction  of  the  toUiI 

by  Volume  formed  Ijy  N'Oj,  that  fortiieil  hy  NjO^  ia  equal  t 

Jind  a  mixture  of  the  two  has  a  molar  weight  I)-46j  +  (1-] 

9'2  -  D  \ 

Hence,   ^  =  —-7-^: — .   from    which,   subatitiiting   the   valuo   of    D> 

.r  -  0"GiJ.     Under   the    above    eouclitions,   therefore,    llie   vapoiirl 
tained   tl'6i>  volumes  of   the  aimjde  compound  and   rf35  volut 

the  double  ■cnmpi>uiid.      Since   the  weight  of  the  !atl«r   is 
070   volnmra  of  the  simple  onp,  the  fractioniil  jiniiiint  of  the 

cnnftoTitid  by  weight  is  r— ri;--^„„  -  0*48. 

There  exists,  therefore,  between  the  two  farms   KOg  mid  X,Ci,| 
chriniail  eqidlihriuni,  in  consequence  of  wliich  the   relutix'v  ijii,-* 
of  the   two  forms  aie  Jetermined   by  the   temperature  and   ] 
If  two  of  thcat^  raagnitudt-a  arc  given,  the  third  is  also  Kxed,  i.i,. 
given   temperatuiv  and  a  given  proB«ure  only  one  definite  raliu 
exist  boitwoeu  the   two  components,      Ou  the  uthor  lianJ,  a  perfft 
detiiiite  tcniperature  is  rei|uired  if  it  is  desired  tuobtaiu  under  a 
pressure  a  given  ratio  between  th«  components. 

Tlif  Imv  which  this  f/jiiililnnw   I'lfi/a   la  expresaeit   by   the   fof 

a^/b  =  /. 
~^here  a  d'enotes  the  concenlifttiott  o^  i.\\r  ^wm  ^o..,  ,■.^^a  '<  thnt 
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,Oj ;  I  is  u  tiingtiimdo  u'liich  h  du pendent  <?[!  the  temporatiirtf, 
ich,  at  constant  l«mperainre,  is  coiisUnt.      It  is,  therefore,  iilso 
t))«  eymHHtritan  Nmt^ni. 
Biy  etMfTttlraHtjn  is  itiiHcrstood  the  calculated  amounts  in  molvs  of 
mbi3tAni>^  pwwiit,  lUvided  by  tbe  volume  measured  in  ci^. 

alM>\e  (;i|iiiLlioii  sLows  tliiit  when  the  cmicctitration  of  the  iwo 

■limriiiHli'><i  liy  increasing  the  total  Toliiirie,  thf  ratio  of  their 

dors  not  rcmiiiii  iinchaniced.      For  exaniplic,  if  the  voIkiiii'  is 

•neh    mcreasod   ihut  n   diiniiii^hijs  tr>  half  iu  value,  h  must  aisu 

I.  not  to  hftlf  hut  to  a  fourth,  in  urd<.'r  thnt  the  cqiiaciun  may 

lied.      In  other  ^'ordt,  on  increasing  the  voUithi?,  t.'.  diniinii^hing 

Hire,  a  portion  of  the  Conn  X„U,  must  change   into   NOo,  as 

'  iIkLmI  tiliovo  as  l}jo  result  of  expifi-inieiit. 

li  «t-  redect  th^l  by  the  diaii^  jn?it  mentioned  of  the  more  dense 

ih"   h-^ii  lieiiMu  fomi,  the   presenn-  nntat  become  greater  tlian  it 

lie  ii   iJii*  duiii^e  iliil  not  octur,  we  sco  tliat  the  formula  fltateil 

w   a  restaCemu^nt  of  the  law  whieli  wuh  ^iven  in  a  qualitulivfl 

nn    p.  234  ;  namely,  j'-kni  a  siinfrm    >tn<}fi<fii'»  ''hnii^r,  thr.  /n-nrfus 

wkick    f^jMiM'S   this   fhimge.      If    the   pri-Hsure   is   iliminislied.   ii 

KNi   uf    the   (lender   pis  decoiii}Mise)i   mid   agnin   pm'tia)Iy   ciincelK 

diminution   of    pressure.     On   thi:  othi^r   Igauil,  if   the  vohimc   is 

ed,  the  {•lesiiUr'e  does  not  increiit^ti  in   the  »aine  ])roportion  or 

^lu.  but  !i  fwntiin  of  the   XO,  pol_y"ineriseB  to  N.,0^,  and 

cftluiPL  become  eo  great 

r,   it  ha*   been   psUiUishei]    that   heat   is   developed   in    the 

tktn  of  NOj  to  NjOj.     In  uccordiitiee  with  the  same  principlo, 

if  thn  tcmporatn rti  he  raiseiJ,  that  process  wili   occur  which 

Um  ri»e  of  letiiix"ratine,  '.'■.  NjO,  will  deconiiiose  into  J^O^ 

chi«  pnxeea  ahsorU  heat.     This  conclusion  is  also  home  out 

<f  experiment. 

7(i/  ftrrfanititiii  of  hUrvjen  perariile  can  be  carried  out  by  means  of 
^  mrtliml  idroady  tnentioiicti  (p,  326).  by  converting  mitrie  oxide  into 
kuidt*  hr  means  of  free  oxygen.  The  biown  vapours  obtained  by 
m  actioti  of  nitric  acid  on  [ii«;tii]s,  after  hitvin^  hc4.-it  drivd,  are  pushed 
rmy;  with  otygpn  (hrnnf;h  a  freezing  mixture,  the  current  of  oxygen 
■m::  so  togulalcd  tlmt  it  j«  preeent  in  eJCcesR.  The  substance  obtained 
o  be  pa«ily  ptiriRvd  by  ri>'diHtill.-ition. 
Firt"  th<^  preparalioti,  a-ho,  use  m  made  of  the  decninposit-ion  which 
(T  'iitn»tes  undecjro  when  heated,     Lead  nitr«te,for  example, 

I,  peroxide,  aceordiuj^  to  the  follow-ing  equation: — 

2PWN0.,).  =  4N0j  +  Oj  +  2PbO. 

\s    lias    Wen  ulrftiuly  mentioned,  the  pcioxidp  dissolves  in  water. 

>'is  |krocr»5,  IiowcviT,  it  do&  not  remain  undi;com|K).sod,  but  reacts 

■  h«  elemniitfi  of  water  to  fnitn  nitric  and  nitrons  acids — 

L'\o^,  *  H^O  =  USD.,  +  HNO^. 
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*  Tbe    heat    ot    formation    of   nitrogen    peroxide    in    its    at 
form  N0„   aiimurits  to   ~  A2  kj ;    it   therefore   absorbs   energj-  ial 
formation.      In  passing  into  the  other  form,  N.,0^,  heat  is   develop 
2N0,,  -  N/;^  +  .>4  kj. 

337.  The  Law  of  Mass  Action. — The  relationships  whidi 
just  baen  act  fortli  form  a  special  case  of  a  ;;eiiopftl  law-  which  goi 
all  chemical  fitiit«s  of  equilibrium.     It  can  Iw  expressed  in  the  fo 
inp  form  :- 


Lei  a  chemi<;al  reaction  between  m,.  m„ 


moles  uf  the 


stances  A,,  A^,   .   .   .  and  h,.  n.^,   .   .   .   moles  of  B^,  B„.  .   ,   .   ' 
BBnteil  by  an  eijuatioa  of  the  forni 

»j,A,  +  7«jAj  +  wfaAg  ■(-...=  »,Bj  +  n^B^  +  lijB,  -t-  ,  . 

tbon  equilibriiuii  will  sxisb  when  the  coiivenbrations  a,,  Hp  a^   .  . 

fij,  Jjp   ,   ,  .  «f  tilt)  reacting  siibetancaB  hav«  acquired   eertiiin 
These  valucH  jiro  given  by  the  f^jUowiiig  etjutitioii ; — 


L^ 


"— "=it 


The  toriceiit.i'ations  of  ilio  siilistun^^es  standing  on  the   une^  sidd 
the  rcactiiin  eijuiitiou,  thcrtforCj  apijear  in  thf  numerator,  ajid  the 
the  snbHtanres  on  the  other  side,  in   tlie  denomimitor,  of  the  fracij 
and  each   conci^ntnition  iippe.iLrri  as  a   factor   a»   many    titu«&   as 
numl>ar  of  the  niolus  with  which  tlie  pitrticulai-  siiliBtanco   lakes 
in  the  reaction.     It  is  hem  presupposed  that  the  reiiL-tion  equitio 
writteu   in   mniar  formuhe.     Thu  ma^ilude  h  h  eonstaiit  at  a  gii| 
temperalnre,  i.e.  it  is  Irniepundent  of  the  alisuluto  viillic  of  the 
centraciona,  but  changes  with  tiie  temperature. 

Only  yiMfcwfl  and  '/issnlrcii  snbstanccs  cjin  hiive  vaiyirig  coiifen 
tiona.      In    the    case   of  nn/iti   substances   and   ImmiKji'neinif,    tufiiiiln, 
concentratiyn  changes  so  little  with  the  priiSGuru   that  its   iniHuii;nco< 
Bcarcoly  appreciable.      For  this   reason,  in  all  cases  wheru  solid 
stances  and   homogeneou.'s  liquids   hike   pnrt   in   an   ciiuilibntim, 
corresponding  memberB  iH-curnng  in   tbie   fraction  on  the  left  of 
equution  become  constiint,  and  can  be  brought  over  to  the  lighl-b 
side,   where  ihey  form  all   together  a  product  which  ia  constant 
constant  temperntiire. 

Tliis  simjilc  (■•/iKiti'onis  tlit/oui\il(iti"Hv/  the  whiir  (lunny  of  rhrmirjil i 
lihrium,  imd  Ix  ■tjipUeii  in  all  fti/fs  ii-hnt  mirh  ,jiu.itii.iii  Juire  t<i  If  titiitmA 

'   As  an  example  of  its  application.  lh«  moru  exact  discussion 
the  case  mentioned  on  p,  100  may  be  given;   thia  deals  with 
chemical    eqnilibriwai    between   water   vaiwtur,    iron,   iron   oxido, 
hydrogoii.     The  riside  of  iron  fomu^i  has  the  forniiila  Fe^O,,  and 
equation,  therefore,  runs^ 

4H,0  +  3Fe  =  4H.j  +  Fc;,0^, 
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,nct  the  pfiiwti&n  of  efiuilihrinin — 

Here,  however,  n,;  uiid  K  refer  tu  solid  Bubstances  {iron  and  iron 
ixide),  and  are,  tberefore,  conBtiinU  On  bringing  thorn  over  to  the 
ight,  there  follows,  Ui^ili^^  =  b^/(i/,  or,  extracting  the  fourth  root  and 

lUtiog    the   axpraaaion     /w^Af^''   equal   to    K.,    we   obtain   aJ!/i=K. 

Tiftt  is  to  say,  the  ratio  of  the  concent rutiun  (or  tho  imrtial  pressure) 
it  the  waWi'  vapour  Jinil  the  hytlrogon   iiiuwt,  at  a  pveii  tompcniLure, 
are  a  constant  value,  or,  the  livy  coiu-eTitiutioiiB  must  lie  projiortionjil. 
his  is  exactly  what  ha^  bei^n  given  hj  expfi-imeiil. 

a'M<  The  Influence  of  Temperature  on  ObemicaJ  Equili- 
iriuni- — The  viL-w  iw  often  found  v<.'ry  wido-spre«d  that  nt  ;*  Very 
igh  tomperiituiie  all  chemical  cijnipoiin<ls  must  deconiswse  into  their 
Boinpnnents,  and  that  at  pluces,  tbcrt't'ore,  where  such  "  teiajwrature 
H'evails,  e.g.  on  the  sun,  the  chemical  elements  can  exist  side  by  side 
tnly  in  the  ujieombined  state. 

On  ciueatioTiing  experiment  and  the  theory  which  has  been  devel- 
iped  on  the  Imaia  of  the  general  laws  of  energy,  another  anawor  is  given 
both.  By  applying  the  general  principle  of  itinvable  enuilihiium, 
hich  stiitey  thutwhcneveran  e-piilibrium  is  compelled  lo  cbangBj  pro- 
ies»e»  octnr  which  oppose  the  compellinj^  force,  we  must  say  that  iLt 
ighcr  turn pe nit ures  that  reaction  will  occur  whieli  ojiposes  the  risu  of 
rapemtiire.  i.'-.  whirk  abtioriM'  h-ml.  If  hII  cbemi«ti  decompositions 
iwik  \'\a,ve  with  absorption  of  heat,  the  view  cited  above  would  be 
■rrect.  Tiiere  are,  however,  numerouB  substances  (ami  tn  these  the 
;ygeii  compounds  of  nitrogen  almost  jill  bolong)  which  arc  formed 
r<jm  their  elemente  with  ubworption  of  em;rgy.  It  ia  just  «t  higher 
em  peril  Ml  res  that  such  compounds  become  more  stable,  and  ihey  caii- 
Kit,  therefore,  be  decomposed  by  hciit. 

Naiiierous  examples  of  this  general  law  are  known.     Thus,  the 

|»our  presenre  of  eix-ry  Iiq»iid  incrCiwes  with  rific  of  temperature,  i.e. 

liquid  o»aporales  into  the  j,dven  space  Iwcause   the  evaporation 

place  with  absoiption  of  hent.      If  a  liquid  shniild  ever  be  foinirl 

fhich    [Missed    into   vapour   with   dfrclopmenl   of   heat,    it   would   also 

.ecossirily  have  the  pro[>erty  that  ita  vapour  pi-easitre  would  i/imtnish 

rjth  ri«e  of  temperature. 

On  considering  the  equation  of  ef]uilibriimi  on  the  prticeiiirig  pafce, 
rom  this  point  of  view,  it  can  hi;  fraid  that,  with  a  rise  of  tempera- 
ttre,  those  suhstanees  must  increase  whiidi  are  fonnerl  with  absorntion 
fi  hent  from  the  Hulxstinices  on  the  other  aide  of  the  equatior 
tion.  From  this  it  can  always  be  seen  in  what  sense  a  d 
muilibrium  will  ho  shifted  with  rise  of  temperature. 

J»  the  example  cited  alwve,  heat  is  developed  by  the  «c 
ater  vapour  on  iron  ;  tuuveraely,  water  vapour  is  formed  frot 
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oxide  aiitl  hydrugwi  with  alisorplii]!!  uf  he«u  Ciinscq^iieiitly,  wii 
rise  of  tempr'nitiire,  the  ratio  uf  water  vapour  lo  liydrogeti 
increase,  or,  as  tlie  temperature  rises,  the  decompoaiiig  action  o( ' 
iron  oti  water  \-apour  becomes  less  and  less.  Tlais  result,  also,  ■ 
given  by  experiment  before  the  theory  was  known. 

This  qualitative  principle  baa  also  lieeti  brougbt  into  n  fotni 
able  for  ciik-ulaLion.      W't;  shall.,  however,  refrain  (rom  the  dedtit 
of  this,  ay  the  iinaliuitive  form  is  sufficient  for  the  applicatinna  wl 
will  lie  made  of  the  priiii-iiile, 

339.   Nitrous  Acid. — When   nitrates,  cy,  poUissiiini   riitralp,  j 
treated  with  reducing  substances,  they  lose  oxygen  and   pasa  iiit 
saltfi  of  another  acid,  known  iia  iiifr<*ns  fifid.     The  new  salts  are 

For    this    rednctioii,    healing    with     metidliu     lead     is     gene 
cmploj'ed.     Thie  acts  iwcording  to  the  etjiutioai 

KNO3  +  Pb  ^  KNCJ^  +  riiO. 

By  extracting  willi  u';iter,  the  readily  soluble  puLassiuin  nitnt«l 
lie  sepsrati^d  from  the  difficultly  soluble   lead  OXJdc.     Small  qi 
of  lead   which    pass    into  solution    hy  reason  nf   a   gide-reacLJan, ] 
precipitatGil  by  ptiasing  in  wLrbon  diy.vide. 

On  attorniJting  to  libenite  the  acid  UNO.,  fi'oin  thr  s;i]t,  it  is  fo 
hot  to  be  stabltj  in  the  free  suitts.  Uii  piiiiriii^  suipburic  ucid 
l)otassiun]  nitrite,  brnwn  vaJMHirs  are  formed  which,  iiidewl,  hav«j 
composition  &f  a«  anhydride  of  nitrous  acid,  N,_,Oj.  but  whieh  prov 
be  a  mixture  of  nitric  oxide  and  nitrogen  peroxide.  If  these  i.a[x 
be  passed  into  water,  a  feebly  bjue  coloured  solution  is  obtaifl 
which  contaius  some  nitrous  acid,  but  which  constantly  evolves  nil 
oxide  and  puases  fiiudjy  into  nitric  iveid  in  accordance  with  the  erji 
3H\0.  =  2NO  +  HNt\  ^  H„0. 

The  same  vapours  arc  also  obttiined  when  nitric  acid  is  dtK:om[: 
with  lijducirig  agents  under  certain  conditions.  On  heating  nitric) 
of  density  r3:0  -  l'35  with  arsenir  Irioxide  (p.  SO),  the  latter 
up  one  combining;  weight  of  oxygen  from  the  nitric  add,  and 
nitrous  aeiil  formed  breaks  up  inlo  water  and  the  brown  vap 
mentioned,  Since  the  !atter  are  used  in  many  important  cher 
reactiona,  especially  in  orgftmc  chemistry,  this  method  of  prepantj 
is  often  used. 

IE  these  vapours  are.  cooled  in  a  freezing  mixture,  a  liquid  of  a 
to  green  colour  is  obtained,  and  from  this  there  can  ba  aejjarat&dl 
fractional  ilislillatton  a  portion  of  a.  dar'k  lihie  colour,  boiling  at  S'f 
which,  especially  at  low  tismperatni-ea,  Jipijoam  pure  blue.      This 
the  corapoaition  of  nitrogen  trioxido  or  nitrous  acid  anhydride,  audi 
be  regarded  as  the  conii»ound  N.,Oj. 

For  the  ilrtrdion  of  nilroMon  NOj'  the  general  reaction  for  nxyj 
componmh  of  nitrogen  by  meauR  oM«Yvo«ft  suV'^W^s  <.p,  326),  is,  iul 


employed.  It  is  (iistinguUhwi  frnm  the  ion  NO,'  of  nitric 
y  Uie  fnct  that  et'«n  oii  acitlttyiug  the  auUii  of  niLroiis  »ci<),  or 
itriu«,  wilh  any  other  stronyiT  acids,  tlie  bi-owD  vapours  are 
id  the  nature  uf  wtiich  lias  just  Ijeicii  given.  By  nic4i.nsof  strong 
log  ag«tiU,  XO,'  can  ha  ooiivei-t<>(i  inlo  NO.,',  A  volumetric 
d  (lepotHiiiig  on  this  will  lie  given  later  on,  under  putassiura 
ngniutp. 

irtb«r,  nitro^ioii  tinites  with  colWt  (]i,  ^h)  to  form  "complex" 
Bome  o(  wliich  nrt"  readily  rocngnis«d.  This  rmction,  howpver, 
ill  more  ii^eij  for  the  detection  of  colialt  than  of  nitrous  Jicid,  and 
wreforo  l»e  li^-scrit'ed  under  that  metal. 

Vb  boat  of  formation  of  ititi~ouB  ncid  in  dilute  a<|ueous  anhitton 
la  elements  is  -  28  i^,  in  accordance  with  the  equation  Hj  +  Nj  + 
w).  =  2HN^0,  aq.  -  2  .  28  ^>. 

1(1.  H^onitrous  Acid.— By  suitably  ref;iil«ting  the  reductiim 
nilTftles,  II  further  amount  of  oxygen  can  be  removeil  from  them, 
be  kvpantlriteii,  or  the  salts  of  hijponitit/ns  nciit,  are  obtained,  Oi 
ffereDI  methods  of  their  preparation,  the  most  easily  tlnderstood. 
itically,  ig  that  by  means  of  sotliLini.  This  met^l  is  (li»io)ved  tn 
Ty,  uitl  a  solution  of  sodium  nitrate  or  nitrite  is  tr<;atcd  wilh  the 
am  ftunlgHai "  ao  obtained.  S<Kliuni  amalgam  acts  much  more 
■^Iffly  on  other  sul'iatanees  than  pure  soiHium  iloes,  and  is,  there- 
bi>ttur  ndjipted  than  the  latter  for  many  preparations.  The 
M  can  1*0  formiilnted  as  f'ollowa  :^ 


V 


+  8Na  ^  4  H3O  =  Na,N  p.  +  SNaOH, 
nitnitv  ts  iiaed,  and 
3NaX0,  -1-  4Nft  +  2HgO  -  Na^NjOg  +  4NaOH, 


^Btiun  nitrite  is  employed. 
mm  the  sodium  salt,  ihe  dJIIit'iiItly  aftlilh!&  siher  salt  Is  preparwl 
iiirilivd  hy  wjudiing.  On  decuniposin";  this  salt,  with  hydrogen 
de  with  fxclnaioii  of  water,  by  using  ether  {an  orj^anic  com- 
Iji  lu  soivcnl,  hyponitrous  acid,  H_,NjO,„  is  obtained  in  the  fomi 
iit«  crystalline  laminie,  which  Jire  very  unstahl«  utid  expltKifl 
jr.  Thr  sulwtance  dissolves  in  water  and  yields  a  solution  which 
ratlter  longer,  but  which  hfta  also  on3y  a  paesing  e-vistvuce.  It 
^|ve«  X  pts  having  the  composition  N^O,  which  is  the  anhydride 
^piti^'i^  ft<'>d. 

M  ume  Buljetancc.  NjO.  which  buurs  the  name  uitroiix  luuir.  is 
lc«d  in  roaiiy  taao*  in  which  hyponiirous  aci<l  ought  really  to  lie 
»1.  It  ia  very  much  more  stable  th.in  the  latter,  and  it  has  not 
Wen  found  possible  to  convert  it  back  into  hypnii itrons  aciil  nr 
•i  iu  nits. 
LJUtxii  oxide  is  Bsaally  prepnreti  by  lieatillg  ;ium\oiviixm  mltuXje- 


33i 


i-KlNCiPLliS  OF  INORGANIC  CHEMISTRY' 


With  regard  to  this  ruiwtion,  the  riiader  ia  referred  lo  th« 
section  on  ihe  ;imuii)iu:i  cDin pounds ;  we  shnll  here  give-  lie  pr 
of  the  substaijcc. 

yUnim  •'.rill'-  is  u  g»s  coiisiating  of  two  combining  weight*  oti 
gen   to  oti«  of  oxygen,  to  which,  in  accoKhince  with  the  dc-nsitj 
ijhe  forniulu  NjO   baa  to  )>e  aBcril>pd.     It  ta   culourless,   h»s  u 
awBctieh  ii>doiir,  and  dissolves   in  water  to  a  fairly  large  extent, 
room  tempernture  wntcr  fihsoi'lis  about  an  etjuul  volume  of  ihe 
Likewise,  t)ii;  gas  la  cvmpiimtiveiy  eaeily  liquefied,  &mce-  its  er 
tempomture  liuB  kI  +39'';   ihe  critical  preamire  finiount-s  loTfl. 
At  0    tha  vaptnir  prossiirft  amotints  to  Sfi  atm.,  and  the  vnpour  ] 
of  one  atmosphere  is  found  at   -  1)0\  which  is,  therefore,  the 
boiling  point. 

Nitrons  oxide  parts  with  its  oxygon  still  more  readily  than  nit 
oxide,  so  that,  not  only  phoaphoiiis  and  brightly  burning  wood 
tinne   to  Imni   in   it,   but   hIhu    L-htui'oal    Jind    snipliiir,   if    pi-evia 
sufticiently  heated,     Sul|i}mr  burning  with  a  small  fliime,  bowcve 
extinguished  w^hen  introduced  inlo  the  ^aa. 

NitrociB  oxide  is  taken  up  by  the  btood  and  causes  iitii-oiia 
ncaa  ;  it  is  therefore  employed  for  obtaining  transient  narcusis. 
gaa  ejuinot  be  decomposGd   by   the  organism  in  snuli  a   way  ihnt 
oxygen  becomes  available  ;  if,  thertifore,  nitrous  oxiilc  hua  Uj  be  inb 
f or  ii  lengtlieru'd  periotl,  it.  niutii   be  mixed  «ith   uxygtMi   in   ih* 
proportions  as  the  latter  is  present  in  the  air. 

In    order  to  be  formed  from    its  elemenla,  nitrons   uxide 
require  to  talte  up  a  large  amount  of  energy,  viz.  75  kj :   2N.  + 1 
2N.^0  -  1?  X  75  t/'.      In  its  decomposition,  the  same  amount  nf  «iifil 
ia  given  out  in  the  form  of  heat. 

34  I.  Nitro-COmpounds.    -The  ai-id  actions  of  iiilric  at^ixt  clepun 
the  fact  that  liydrion  very  readily  Hplits  ofi"froni  Iho  com[»ouiid  II! 
In  view  of  the  I'act  that  other  oxyacids,  i-.ff.  eulpliunc  acid,  aliw 
reactions  in  which  /(yJjyj^y/  atts  in  the  place  of  hydrogen,  the  qut 
uiuat  be  ilsIccmI  wliother,  in  the  eaae  of  lutric  .acid,  oxygen  and  hydr 
al»o  uut  in  eoinuion  an  hydroxyl. 

From  I  be  fiicL  of  the  strong  eleclrolyLic  dissociation  at  nitric  ! 
it  uiin,  ill   the  lirsit  place,  be  presumed  that  tf  such  reactions  ar«^ 
occur,  one  will  expect  them  to  do  so  in  the  ithsntf  itf  tmler  (whicll 
courae,  Kiwinf.s  the  formation  ol  hydrioji).     This  is,  in  fact,  found 
the  case. 

In  organic  chemistry,  a  krge  iitimbcr  of  compounds  are  kn 
which  arc  formed  by  ihc  action  of  nitric  acid  on  eomponiiHe  nt 
iiig  hydrogi.'n  :  the  hydrogen  frotn  These,  Htongwith  the  hydi'-jxyl 
nitric  acid,  is  eiiininated  as  water,  iiiid   the  reaiihml  group  NO.,  of 
nitric  ttcid  uiiitea  willi  the  residnc  of  the  organic  subatanw,  contain 
one  combining  weight  less  of  hydrogen.     The  group  NO,  is  cidled  the 
inh'Q-f)riitip,  and   the  compound   ii^iCV,  iovmcA  \t\  atcmdwice  witli 


istioii  KM  +  HNO„  =  KNO,  +  H,0,  ia  «alied  a  itiJri^- 


to  ext«nud  appeanuice  Ibis  pRU'oss  Inoks  exiictt^  like  lhH.1  of 
nmtion  of  a  salt,  especially  if  the  byJroxyl  is  assutned  to  1tu 
t  as  such  in  the  niirie  .iciil.  and  the  equation,  therefore,  he 
a  in  thr  form  NO.OH  +  HK  =  U.  NO.  +  H„0.  It  would, 
er,  loul  La  mistakes  if  one  were  to  estini;Ue  the  sigiitfjcuiice  iif 
ppuvot  Agreotn^tit  so  highly  m  to  re^^ttri]  both  reactioEia  na 
iuly  the  aume.  Kt>r,  tlif  nitric  acid  would  then  have  to  be 
led  ft&  the  base,  aikI  the  hydrogen  compound  1{H  as  the  ncid,  in 
■action. 

Tlu)  VMcntiAt  dilfereiice  a&  compared  with  an  onlin&ry  suit  formu- 
mnslA  ju«t  in  the  fui't  that  we  are  in  this  case  not  dealing  with 
reaction  us  in  the  (ormuticm  of  a  salt,  for,  iK-ithi?r  in  the  com- 
RH  an  acid,  nor  tlie  nitric  acid  a  l);ise,  nur,  finally,  the  nitnj- 
mid  fvnnefj  a  salt.  AteoMijig  to  what  was  aaid  aliov.^  also, 
irer«ocL'  )>ecoDic3  es|»efially  evident  from  the  fuct  that  the  forma- 
I  nilro-compounds  takes  place  all  the  more  rotulily  the  more 
H^^  wat-er  is  tTdwInl,  both  the  water  originally  present  nnil 
mducd  by  th"  reaction  itaelf.  The  Ijitter  ean  Iw  rendered 
Ma  bj  nddinji;  dcHicraiin^  a^viits ;  iicid,  att  such,  con^entruteil 
iri«  acid  is  onEinarily  einp[uy(.Hi.  NiLrittion,  or  the  i)re|«Lration 
{iro-coinponrid.  is,  therefore,  usually  carri-ed  out  in  the  jiresenci^ 
^r  or  emnller  iimonnts  of  concentrated  snlpluiric  nejd. 
ttro-cnmpountiB  can  Iw  formed  nut  only  from  nitric  acid,  M'ith 
aUon  of  hydrosyl,  luit  also  from  ni/i-i"'.^  Ji-ciJ,  with  i.'liTninHtii>n  of 
•a.  In  ordrr  that  snch  an  eliminatinn  tniiy  take  place,  there 
he  present  in  tlie  siilmtanco  whieh  is  to  pjiss  into  the  nitro-oom- 
I.  a  part  whith  will  fonn  a  Htalilo  conipouml  with  the  hydrogen. 
mt  oksM  this  will  be  hytlroxyl,  which  will  give  water  with  the 
gen-     We  have  then  th^  etiuatiim 


I 


H.OH^IINO,  =  R.NO,  +  IUJ. 


«c|ua.tioa  hm  also  only  an  apparent  and  no  real  reaemhlaiice 
*tl  forittHtion.  This  h  most  clearly  neon  from  the  opposite  hMh 
d  by  Ui«  groups  NO,  and  K, 

a«tly.  nilro-compoiiuds  cnn  he  formed  by  the  action  of  nUivifnr 
4e  Oil  iftich  sul>stAnce9  iia  cini  dii'cctly  form  t-ompouiub  by 
kn.  The  reaction  forrt-Bponds  to  the  formation  of  chlorides  by 
irtloii  oi  chloririe  on  snl ■BUrtc-es  of  ihia  class,  f,(/,  nitlals. 
'Ftwrew,  in  orgiinic  dioniii^try,  nunierons  i]itri>i'oni|H)it[i<l(i  mv 
n,  the  number  of  inoi^janii:  nitio  compounds  is  comparatively 
eless.  same  of  thetn  are  itf  sittlicient  i 
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conipouiid  is  nitrusiilphoni<-or  iiitrcisylsulphiiric  ndil,  the  oooif 

DH 

and  LPiictioiis of  which  are  exprL'satid  hy  the  fomiula  SOoJ.,    . 

Ill  order  to  obmin  aiich  a  corapound,  one  roust  >kI  on  the  hj-dr 
eompoiiinl  i<f  tlie  mdica]  SO.,{OH)  wit}i  nitric  acid,  or  (in  the  hydr 
compound  of  tlic  ^Line  radicitl  wi^li  iiiliona  acid.      Uuth  meifaailfi 
tba  desired  result. 

Th«  hydruyen  conipoiind  of  SO..(OU)  is  no  otlier  than  sulpliE 
add  (p.  '2>i'2):  nitrnsulplionio  acid   would,  tiierefore, . he  formed 
sulphuriius  Hcid  and  uitric  add. 

An  a  matter  of  fuel,  tliis  fomimutid  is  oVilaiined  n-heii,  in 

aulpburoua  nc»l,   its  afihydride,  sulphur  dio.\ide,  SOj,  is   pissal 

conceiiiraied   nitric  acid.     This   method   has   the   especial    iwivmi 

thut  110  w&tcr  IB  formed  in  the  reaction,  tiiid   tfac  ilistiirbaiict^s  dn 

it  are,  ihei-efore,  not  to  be  fc!iT8<l.     The  reaction  takes  place  via 

OH 
accofJing  to  the  eiiuatinsi  UNO.,  +  SO„  =  SOj.j...  . 

The  ol>jcct  is  ftleo  attiuued  by  the  other  metbod,     If  nitrous  , 
(or  its   vaiiours,  wliicli   have  the  same   composition  as  it,  ji.  'ii 
introduced  into  the  bydroxyl  compound  of  the  radical  SU^(OHi 
into  concentrated  sulphuric  acid,  nitrosnlphonic  acid  is  formi-d 
with  >**ftter;  the  lattar  i^  tAkeil  Up  by  tlit-  excess  of  aiilpbiiHi- 

Tbe  e<)uaCioa  of  this  reaction  la  SO.,(0H)j  +  HNO.,  =  SO^„„    +  H; 

BesiiJes  these  two  typical  methods,  tbei'e  Jtrc  a  nutnl^er  nf  oti 
which  CAR  in  pnn<:ipl?  be'  traced  bac^  I'l  thorn.    Some  of  these  mctlc 
will  l>e  Qicntiuncil  later. 

JJitiT'sulphwfii";'  acid  is  a  white,  solid,  crystalline  substance,  wll 
melt».  with  decomposition,  at  7^1".    It  is  very  setiMlivc  to  wnifr.  nndj 
tro-nsfonneit  hy  it  into  siil[iliuric  aoid  and  nttr«>usaoid  (wiiich,  m 
partially   iinder]i;oii;s  further  decomposition,   p.  i(3l!) — .SO„(()H)NC 
HjO  =  H,SO^  f  UNO.,.    It  dissr.ilvcs,  however,  in  t'onconlraU'd  sulph 
acid,  and  forms  a  very  stable  snlutiorii,  which  stands  being  dibit 
some  extent  with  walor,  corresponding  eijuilibria  being  thereliy 
listed. 

The  i:ompound  alao  bears-  the  name  iMdi-h^hninher  ^ri/uf'tl^  furl 
reaJily  funned  lutder  the  conih'iions  prevailing  in   th«   Iwid  cliv 
in  the  preparation   of  suJphni'ic  acid,  whon  too  litlto  wat^r  ts  pr 
By  the  addition  of  more  steam,  the  leaileu-chambcr  cryetidti,  wliichj 
not  formed  in  the  well-regulated  pri>ce9s,  i!nn  ensily  be  made  to  I 
appear. 

?'urther,  the  retention  of  the  valuable  oxidoa  of  iiiuogen  in  > 
n'lutt'e  gases  from  the  siilphurit  acid   nianiifuclure,  wbicb  is  ell'ectcd' 
treaUii^  thetn   with   concentrated  sulphuric  acid   itt   the  "Uay-Luas*' 
tower"  (p.  '2Sfi),  depends  on  the  formation  of  nitroeiilplionii-  aciil  uiultf 
cbese  coiulitiom.     On  mixing  the  aohitiou  of  nitrosulphiini< 


nic  aci^^ 
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Furtbert  bcat«il  platJimiu  tatfllyti tally  [im motes  tbe  comlitiaUfni  af 
3qIb.      If  H  L<ut«(l  spiral  ot  piKtinum  wire  i*  liung  iu  a  mixture  of 
(or   Mr)  Aiid  amtiioiiitt,  it  continues  to  glow,  nn*!  fumes   of 
siuiD  iiitr&te  siid  iiitritu  are  fuiiuei].     If  a  mixLiire  of  iimrnonia 
6Xces«  o(  air  in  rapidly  passed  uVtr  heBte«1  plwlinura  foil,  covui'ed 
Uiin   layer  of   sjiongy  ]ii:iitriiiini,  tbe  wliole  of   the'  nmcnoiiiu 
>be  oxidised  to  nitric  acid, 

Of   the  ■.mmoniuiu  salts,  that  of  nitrir  anrl  of  nitrous  aci^  are  of 
inportAiK^e  here.     Tlie  fofmet  yk-Kis  li»Cf,'u  crystals  which  very 
ily  dtssolre  in  water,  tliereliy  producing  a  i:DiisiiJoni))Ie  lowering  of 
itUM.      If  pUceil  on  glowing  charcoal,  it  dctouatcs,  and  wlittj 
Hjf  healed  «letoui|icises  smoothly  into  water  and  mlniuA  onde. — 

NH^NO,  =  N^O+2HjO. 

This  Is  tbe  mosl  convenient  und  usual  uiethLxl  cif  preparing  nitrous 

(p.  333). 
Ammoniom  nitritt'^  decoinpoRcs  in  a  aimilftr  way,  nnly  luinch   more 

NH4NO,  =  N,  +  2U,0. 

Tlwt  U  to  fay,  water  and  iiitrogeii  arc  formed.  The  reaction 
plare  rery  readily  ;  it  proceeds  energetically  even  belflw  the 
ing  point  of  water. 

For    this    piir|iose    it    is    not    necessary    ta    tirat    prepare    piirp 

»Kiro  nitrite,   Uit  it  is  aiifficient  to    bring  the  ions  NH/  und 

L*  mother,  i>.  it  is  sufi)cii>nt,  in  order  to   obtain  a  regmlur  cnrT«nl 

a.  to  warm  n  soluble  nitrite  (?.y.  comnjercial  aiHlium  nitrite) 

ih  ui  ftmtnunium  saU  (r.g.  nnimoninm  sulphate)  in  ;i(iueotis  solution, 

It   luu>  lieen  nsE^ertcil  that  tbe  rcvei'se  reaction,  thti  combination 

fne  nitnrigcn  witli  water  to  form   ammoitimn  nitrite.  hIso    ocinir-i, 

By  iu  the  evajioratmii  of  wnt*r  in  the  air.     It  must,  genorallj 

ring,  it  is  true,  bi-  conceded  that  evt-ry   diemicai  proueas  wliich 

place   in   ti  deBtiitc   dirfction    uUo   UiUvs   place   in  the  lev&rse 

>;    in    all   casrs  it  is   only  a   question   of   haw  miifh    is    formed. 

|h   i-xact    det^miiiuitions    hnre  not  been   tnftde.  it  may   h$ 

that    the    formation   of    ammonium    nitrite   from  nitrogen 

,  vKUif  wilt  moiit  prol.mbly  •^■nsue  only  to  an    exceedingly  .<%/if 

BO  that  it  seems  very  doubtful  whether  it  will    be   pnssible 

dtMct    tlie   iimontit  formi^d,  or   indeed,   whc^tber    Ui«  au)tiioriiii.m 

rbii-h  (nay  \\v  fuimd  has  buon  fomned  in  this  way. 
i  349.  AmidO  -  COmpOUOdS.  —  Wh^n  potassium  is  wanned  in 
tin  gv,  it  ii  convert'ed  into  a  white  mass.  whi>ch  when  fuaed 
wn  bine  ;  hydrogen  is  evolved  in  tbe  proceas.  This  mass  has  the 
KMition  KNJI^  luid  is  formed  in  accordiuice  with  the  reaction 
:+2NH,  =  2KNHj^H5. 
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Just  as  ill  tlie  case  of  liyrlrog*ii  chloride,  HCI,  ami  of  wawr, 
otift  eanihiniiif;  weiglil  oi  liyilrof^ion  aw   he  re|.Ucp(]   h\  potas^iiiin 
aiiotlicr  metnl),  so,  iilao,  it   is  jiossilite  in   the  ituse  of  aminoiiiu. 
Ttiisreplncenient,  however,  byuomts  graduiLiiy  more  ilJtfinilt.     \Viii 
moat  of  tbo  metals  can  displace  hy(lroy;en  from  hydnjchlom*  acid, 
a  few  can  do  so  in   tlia  eiisc  of  water;  and  in   the  cubh  o(  anim 
only  the  alkali  inotiJa  have  t.hi.s  [)ower.     The  reauking  product,  aisot ' 
rather  iinstabie  :  od   hping  fairly  strongly  hcatj^d,   it  dpconiposea, 
in  contact  with  water  it  is  cunverteil  into  potasBiiim  hydroxide 
ammonia,  in  a  manner  siiuiUr  to  the  conversion  of  a  metallic  hydro 
into  a  metuDic  chloride  iind  water,  in  contact  with  hjdroclilunc  a^jdi 

The  residue,  NH^,  produced  by  the  loss  of  one  corahining  we 
of  hydrogen  from  .imnionia,  has,  in  many  coiniioiinds,  a  siniilar    '_- 
ctinc.v  to  tlie  rGBiclLio  of  watur.  liydriiKyl      It  lieara  the  name  <i 
80  that  the  coni[hOLitirl  KNH.,  is  called  jxiluss'Uiiitli;  ami   it  is  founti 
many  coniiwiwuJ  siihstunceB.     Since  it  is  formed  from  ammuiija  by 
loss  of   one  hydrogen,  it    is    itmnomletil    tmd  can   take    the   [ilaco 
liydrogfn,   cliloi'iiii!,   or   hydroxyl.     The  ami  do -compounds   are  mi 
readily  oht;iined  frura  (comip.ir.itivfly  iiiiHtaVdc)  (chlorine  conijxtundfi, 
actiiii;  on  these  witli  anmiunia.     The  ddorine  is  then  eliniinateil  »l 
with  hydrogen  as  hydrogen  chloride,  which  mostly  combines  iiu 
ately  with  more  amiiiuniii  to  form  ammonium  chloride,  and  the 
residue  takes  the  [ilmc  of  chloritio- — - 

R-Cl  T  2NH^  =  U.  NHj  +  NHjCI. 

Another    method    of   obtaining   nmido-conipourids  consists  in 
action  of  ammoitia  on  hydroxy!  compounds  ;   R.  OH  +  NH.,  =  T'.NT 
HjO.      As  a   rule,  the  action   lakes  place  only  at  coaipurativelj 
ttriil'fi'iiliues. 

Tliua,  fur  example.  s'liljJi'trifluinitlf,  g«iiei'a]l>'  called  shortly 
amiii'^;   is  obtained  by   the  fiction  of  ammotita  on  aullihuryl  chloi 
SnXl3+.fNH^  =  yO,(NHa),  +  2Nir,l'l.     Toenanre  thai  the  t-mi 
tnre  do&S  not  risii  too   liigli,  the  s)il]>hnt'yl  chloride  is  dissolved 
snitable  solvent,  and  the  aniraoiiiii  is  jiusscd  slowly  in, 

.'iiilpliJimidrf   is  a  yolonrless,   cpyatalline   comjioiirid,    which 
dissolves  in   water,   atifl   no    lunger   exhibits    the    ;iriil    |iro|>ertjvi ' 
sul[ihun(.'  iicid.      Also,  the  solution  doiis  not  appreciably  rondutrl 
electric  ciirrenU  siime  the  Hii1>st4iiice  is  not  &  salt. 

On  keeping  the  aqnemisi  solution,  the  condnctivity  slowly  ir<T 
which  shows  that  a  salt  is  formed.     This  occiii-s  by  the   laking  npj 
waisr:  Si.yNH„)2+  2H,,0=^(NH,)^S0,.     That  is,  ammonium  suit 
IB  fm-med. 

This  reaction  is  a  general  one.      By  ihe  action  of  water,  thv  aiui^ 
compounds  pass  into  hydroxyl  comjjoiinds  plus  ammoma.      This  \»\ 
reversal  of  the  method  of  preparation  of  tlio  am  id  o-coin  pounds 
,-i/jore  ;  the  reveraal  takes  yVaua  on  the  \jafc\s  *^  \.W  Vi-w  \.i(  ruaas  : 
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Widp.  The  latLei-  substaricu  lias  already  shown  itself  a  very 
:tive  ami  important  aceelerHtot  in  the  mauufiicture  of  stiJtplmric 
,  i.t.  in  the  oxidation  of  »iiliiliiirous  acitl  \*y  free  oxygen  (p..  289), 

II  Tiixinber  of  other  cuaes  are  ^l-'^n  known  in  which  it  rcXk  as  an 
iI«rator  uf  oxiJation. 

In  those  msea,  thcref'Ti*,  where  it  is  di'sirod  Kj  iiicreas*-  the  uxidisiny 
on  (LS  much  us  possilile,  nW,  juiniii'i  niliir  rrti/,  i.'.  an  aL'iti  wliich 
Cains  liiwur  nxidea,  especiully  iiitmyen  jicrnxiile,  in  sniiition,  is  used. 
B  a*;id  is  obtAineil  by  distilling;  nitric  iicid  at  a  higb  lemperamre 
321),  or,  also,  by  luldin^  a  stii:il]  quantity  of  a  reducing  subslatice 
^□ic  -subatunce)  during  the  dit^tiltiibion. 

Conversely,  in  those  upases  whi're  ««  are  ileating  with  ofher  actions 
nitrii:  itdd  in  wkirh  oxidutii'ii  Uag  to  be  miiidnl,  ui'id  us  free  aa 
ribl«  from  I'jwer  oxidye  niimt  be  iisisd.  This  is  reciigiiiscd  by  its 
ig  coloiiile.sa,  and  the  lower  oxides,  whirh   a.re   mnri:  volatili>  than 

nitric  acid,  can  be  removed  from  the  yullow  acid  by  passing  n 
am  of  dry  air  thrctn^h  it,     This  is  of  imporlan^Q,  for  example,  in 

preparatii>[»  nf  iiilru-uo!ii]iiiiiiiits  from  (Uiiimir  siilisLiiices.  ■(p.  1134). 

346,  The  Sdle  of  the  Oxides  of  Nitrogen  in  the  Preparation 
Sulphuric  Acid.  Transfer  Catalysis. — Eeient  researL-lies 
y>W  U.S.  t'l  form  a  '?Mtnow|i(\[.  ni'.in-  'l-.tinilo  tdcii  regarding  tht 
^leracion  of  tlic  formation  of  snlphurit  add  in  tin;  )eadeii  tluinibcr 
>ugb  the  Jirestnce  of  oxides  o!  nitrcgi^n  (p.  2S9).  Aa  the  result  t>f 
arimunt  it  hiis  been  fouiiil  thnt  whei'cas  the  dirtd  oxidation  of 
tliiiroiit^  at-iJ  by  fi'Sn  oxygen  t-akea  pliice  with  great  slowness,  both 
furmaiioii  uf  the  nitrthL-oiiipoiindH  of  sulphuric  atid  and  of  similar 
itancei^  I'rttni  the  a3}ove  consul] men ts  in  the  preaeiiee  of  oxides  of 
ogeii,  and  lite  decompijsitioti  of  theso  eompoiinds  by  excess  of 
Br,  t«ke  pliifio  with  great  mpidity.  The  inereaee  in  the  velocity  of 
lation  of  siilphurti;  acid  by  the  oxides  of  nitrpgcn  eaii  therefore  be 
Uuned  by  the  aiisumption  of  such  inUnnrfliate  reiidhnif.  It  has, 
■fivor.  not  liL-en  deiiiiitely  dat-ermiiied  what  the  intcmiediale 
stances  are  in  the  [ircsent  oise,  sinee  tlioris  are  ijuitB  a  miiiibpr  of 
Incte  having  a  cunipoaition  intermediate  between  aulphurous  acid 
nitrous  acid,  all  uf  which  have  (lie  property  cif  rapid  formation 
decomposition.  It  is  therefore  probable  that  there  is  not  only 
single  intermediate  sulistunce  [iroduced,  bnt  that  various  inter- 
liate  compounds  are  formed  and  d(;<;oii;i pissed,  the  relative  amounts 
hese  depending  on  the  temperature,  the  amount  of  water,  and  the 
^cntmtion  of  %\[f:  HLilistantCs  involved. 

Since   these  int^riiiediaTe    producla   nnderyo   decompoaitioii  nude 
same  conditions  as  thoa«  in  whiich  they  are  formed,  we  obtftin 
atial  criterion  of  the  catalytic  ptocesaes,  viz.,  that  the  acceleist 
itance  dooa  not  appear  in  the  end  product,  and  does  not,  thtirefa 
d  in  any  stoichiometric   relationship  to  the  amount  of  thi:  latt 
Kocb  unBtublo  intermediate  foniis  can  bu  produced  at  all  depec 
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in  so  many  casus  thut  il   cotistitutHS  ime  of  the  nuiijl   iiD]iorttiut 
to  the  progi-i>5a  of  scieinjc  towiirtls  tlie  knoivlwJge  (if  new  com[K>iiTi<: 

The  siihstances  we  have  mentioned  do  not  compfete  the  list  of 
tiitrogemierivativeg  of  sulphuric  ticid,  but  h'd  must  here  forego 
iliBciiBsion  of  furllier  deLa-ila. 

•   In  the  same  way  as  sulphuric  acid,  many  otli^r  hydrOYyl 
pounds    can    also   j'icid   aniidts    iind   similitr   d<^rivatives.      Tims, 
example,   thece   is  un  amidt!   o!   nitric  iU'id,  NO^XH^,  oblniinMl 
method  which  Cinmot  hiire  hv  discussed ;  il  furnis  a  white.  iryRl, 
mass,  wiiich  at  70'  lajjidly  ducomposes  into  water  and   nitroiis 
On  account  of  this  dcicriLii|tciaabi!ny,  It  caunot.  be  ohliiiiicd  by  heat 
nmmiiiLiura  nitrate,  whermiis,  otherwise,   hcnting  the  ntnmotifiiiin 
conslitntes  ii  fdirly  j^i^neidl  i]ii.-ihijd  for  iilmtiiiiii^^  llio  acid  amidt's. 

a.'kii.  other  Oxygen-Hydrogen   Compounds  of  Nitrogen.^ 
Boaides    the    com  pounds    of    nifi'it^'en    filri'-iidy    descrihed,    there 
n    DiimliL-r   of   ntliwa    whieb    contain    hoth    hydrogen    and     oxyg 
The    following    list   gives    a    review    of    ihe    entire    series    uf 
eoDipLiunds, 

Tlie  highest  atiige  of  oxidation  of  nitrogen,  viz,,  ailric  iiciil,  can 
fonnidiy  regarded,  iiy  the  luldition  of  2tl^O,  asn  eompouiid  of  nitr 
with  five  hydroxvl  groups  :  HNO,  +  SHJ^O  =  N(OU),,  nowblirg 
forniulii  in  onlsr  m  iilitain  an  fixpnjssiini  for  tlio  nitrogen  eompot; 
with  "JX,  the  following  acricH  is  ohtiUned  by  the  gradnfil  replaces 
of  the  hydroxyl  groups  by  hydrogen  : — 


^^HBB  Aceordiiig  to  this  tiihlu,  iLmmonin  appears  as  the  last  known   mc 
nfer  'ff  the  Beries  of  rednclion  conipoiimla  of  nitric  ncid,  iind  between 
and  niti"ii^en,  which  stiuida  in  tho  middlo,  two  sliigt^s  iii'u  presi^nt  whid 
are  known,  imd   to  which   the   names  fii/iiriixtilitinine  and  duxmul'  (^ 
Ayinnijic)  have  been  given. 

Hi/flrwijlamin';  NHjO,  ia  formed  under  various  ennditiona  by 
reduction  of  nitric  acid  or  other  oxygen  comjxjunda  of  nitrogen.     Iii 
ohtained  cbieHy  in  the  form  of  a  hydrochloride,  from  which  the  pu 
oompoutid  can  be  obtained  by  Aec()m\ioa.tvcnvVi.Va^\Miaft,  ^t\\«scln- 


I^riOH)l,=  ^H,0+aHNOl;  Nitric  «e«ii. 

=  EH^O+N,0„i  Nitrofftn  pontojid*. 
H'5{OH)jH  =  .')HjO  +  NjO,;  Sitr^gcu  iwroxwi^. 
Nj(OH),[i,=  4H^O  +  -JHN05^  Nitron*  acitl. 
NjOHJ,H,  =  .'iHjn-t^NO:  Nitrir  oxi.ie. 
Ni(OH)aHi  =  i  H,0  +  ir,S,0.j :  Uyponitious  Bcid. 

=  fiH.jO+ N.,0;  NilrPUb  osiJa. 
N,(OHjsH4  =  r.HjO  hK,;  Nitrogwn. 

Ni(OH),n-=:iH,0  +  N.H„iiJH) ;  UUmide  hyd«t«. 

^3H,iO-.>%U,;   Diimiid*. 
N,,(OH!jHg^3Nl-l4iOU>i  AtniiKmiunj  liydtaxide. 
=  2II,Oi2NH,:  AriiTuonLii. 
NaiOIIJIlu;   I  iiknawii. 

M,ll,„=;iNir.:  Unknown. 
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i.  tbe  whole  niQOlint  of  gas  (ran  ultimiLtieJv  be  madio  lo  combine,* 
'  iKciira,  for  example,  when  tTie  gn»E3s  nre  ki;pt  in  eoDtJ\c't  Mitti  an 
AninH>niii  is  taken  up  hv  acids,  nnd  if  sjiiirks  nre  continued  to 
tKroupli  the  g;w  mijtt.nre  wliile  stiinding  over  au  acid,  all  the 
nltimnt^'iy  (lisapjjeiiir. 
B  apiNirenc  from  the  e(|iiatinn 

N,-^3Hj  =  2NHy, 

iliiniiiUbifs  from  4  to  2,  o'"  to  a  half,  when   the  elementa 
'  eombiii»tJori.     The  ivversB  cliaiige  tnkt-a  pWc  wiieii  the  g>s 
Bpoeed. 
change  of  energy  occurring  in  the  proce&s  ie  rtpreaonttid  by 
tion  N,4  3Hj^2XH,  +  2  >  50  hj. 

Boaia  18  absorbed  in  large  aoiouiit  by  water,  vi^,,  wlmut  SOO 
or  O'fi  pan  by  weight,  at  room  lemperiiture.  It.  however, 
IMloirs  lleary's  lav^  to  some  extent,  especially  tit  highiT  terapei'^- 
It  run  be  completely  removed  from  the:  solution  by  boihiig. 
tbis  it  ts  appart-nt  that  all  solutions  of  aminonia.  must  notessarily 
M  lower  boiling  point  than  pure  water.  J'or  if  there  were  a 
bon  with  bij;he:r  boiling  point,  this  would  reniiin  behind  during 
tilUlio-n,  ami  finally  piisa  over  urichiinjied  in  composition. 
•4]Deon3  solution  of  ninmonia  colours  red  litmus  paper  blue, 
(ore  concalns  hydrnxidiun.  Oil'.  It  must  he  conclmit'd, 
tliftt  ii)  H'uUtr  iLtiimntiiA  hsis  ptis'^sd,  at  \en.ni  pnnially,  into 
■|ioan«i  containing  hydroxyl.  This  c«u  occur  only  W  it  taking 
oleme-iit^  fi  wnler,  ajiJ,  therefore',  a  compound  of  the  general 
SH,  •  »I1„0  ia  present.  AU  known  liicti*  favour  the  viow 
•  =  I,  and  inat  !h«  compound  must,  therefore,  bo  written 
,T  HjO.  or,  giving  promineuco  to  hydroxj'l,  Nll^OII. 

as  me  r«t!n^niBed  the  enmpound  iou  of  nitric  acid,  NOj',  to  be 
to  the  simple  ion   I'l'  of  hydrochloric  acid,  we  also  concliidf 
in  the  Bohttiiin  of  ammonia  there  is  preBont  along  with  hydroxyl 
i{iuani[  cation  NH^",  which  corresponds  to  sodion,  Na\     Kinw 
>«oinlitned    with   only   one    hydroxyl,    it   ia    monovalent,    like 
km   or  BodioiL     In   other  rcspectoj  also,  (■.(?,   in   tlie  crystuHine 
I  of  corresiw riding  salin-e  eompoundis,  the  ion  Nll^",  or  nmmmiwn,  is 
lilMr  to  pntn^ntoii. 

lontA  must,  therefor*,  be  regarded  as  the  nnhinJ-ntU  of 
aiunt  hydroxide,  NH,OH.  It  Uiui  not  as  yet  been  puasible  to 
tuninuniuiD  hydroxide  in  the  pure  Btale,  jnat  as  only  the 
1b  of  BitlphiiroiiA  acid,  SO^.  And  not  sulphtiroita  acid  itself, 
is  known.  As  to  its  existence,  however,  or  rather  as  to  the 
of  ibe  iou  NH^'  or  nmnioniou,  do  more  doubt  exists  than 
the  ezMtemce  of  the  ion  of  sniphuroiis  arid,  HO^". 
This  atmnnce  is  ba^ed  chieHy  on  the  fact  that  there  are  a  large 
■bcr  of  mlta  wbicli  can  be  prepared  fronii  ammonia  and  acids,  and 


350  PRINCIPLKS  OF  LNOKGANIC  CHEftHSTKY 

The  substance  h;i8  rccuiveil  the  name  Jii/div::>ne  (from  -.izal 
nitrogen))  it  ie  alao  Kolhi  diamido,  EiriL^e  the  ntoiuii-  group  NUj! 
long  1>Qtfii  culled  aniuie. 

HydrH^inc  i^  a  ci^lourles^  liquid  whkh  boils  at  11 4""  itiid  soli 
at  V.     Tl  cnmhities  with  wnter  in  form  a  hyiirat*   N„H„0,  whicll 
volatile  vi-ithoul  dettimpositi^iti.     In  a  further  '[.imntity  of  water  ili 
solves,  yiaidiiig  ;i  lujuid  with  an  ulkaliuereaetiutj,  from  which  th« 
of  hydrazine  Ciiii  be  obt^inoil  by  neiitralisiitioii  with  ucitla. 

Twij  set'iea  of  such  salts  are  known,  nioiiiu-it]  ami  rliacid. 
fiiviijfi-  have  the  composition  N„H,_,At  tlic;  hitttv,  X„Hj; .  A„ 
corrfajMndi ng  hydroxides  are,  thurefort?,  N2H,^(0H)  lunl  N„II^(OU) 

The  stilts  of  thl^  second  wrieg  are,  however,  very  unstahle 
readily  ilecompoae  into  salu  uF  the  first  series  and  free  acid. 
A'|usniis  solution,  the  sitme  decom position  takis  pl»ce  uJtuuet 
pletoly.  The  aqiicone  solution,  therefore,  even  of  the  freu 
consists  aftsi'rai.illy  i>f  X.,ri^(OH)  iind  of  the  ions  of  this  mona«id 
viz.  N^H^'  (im!  OH',  Thu  'urns  foTiiicii  from  tlda  by  Hccession 
water,  Sylin"  ami  2C)H',  iirn  proaciit  to  quite  n  small  extent. 

The  solutions  of  hydriLzine  hitvi>  a  powerfully  rodudnjc  action, 
exceed  in  this  rtispwt  even  the  hydroxy kmiue  aohilions. 

352.  Hydrazoic  Acid.— The  last  compound  of  this  smes  wli 
we  sliidl  meulion  heri;  is  liydrazoii;  aeid,  HN^.     It  did  not  find  a 
in  the  gcnoral  sumniary  given  <m  p.  SJH,  since  it  eontiiiiis  three 
Itining  vcotghts  of  lulrogeii,  niid  th;it  list  was  GJi.utaded  only  to 
ranibining  weights  of  thfii  elc-nient. 

Ilydi-azoie  acid  waa  first  ohtained  by  the  decomposition  of  org 
compounds  of  cooiplos  composition  ;  not  until  later  was  a  niuthod 
covered  for  preparing  it  from  simpler  stihstaneea.     One  of  the  simf 
methods  of  prepiirntion  is  from  hydriizinc  jmuI  nitrons  ;tcid  in  «([ii« 
solution.      Ther«   occurs    ilia    reaction   N.,il^  +  UNO,  -  HN^  +  2Hj 
Further,  the  sodium  ealt  of  hydra^toic  ncid,  NaN^i  is  obuiiied  by 
ing   nitrous  oxide  over  heated  siKiiiinidc  (p.  346).     The   reju-tioa] 
NH.jNa  +  NaO  =  NaNj  T  HjO.      The  acid  can  he  obUiincd  frmn 
sodium  salt  hy  distilhition  of  the  ai]Ui30us  sobuinu  after  the  additina  { 
sulphuric  acid. 

On  distilling  the  lUfueons  aolutioii  ol.itainei!  hy  one  or  other  metbc 
the  acid  tir^t  pa^iBvs  over  iind  can  in  thJR  wiiy,  IJiially  idso  by  the  usa 
of  dehydrating  agents,  he  ubt;iined  in  the  pure  staH.'.  liydrazoic  actd 
ie  thus  obtained  as  a  colourless  liquid  with  a  strong  ami  very  un- 
pleasant snioll,  which  boils  at  37",  and  explodes  very  i-eadtly  with  great 
violence.  The  ^me  property  is  also  possessed  hy  ■many  of  its  sails 
in  the  solid  atate.      In  8<diition,  however,  the  acid  is  fairly  stnhle. 

Ill  the  cuflG  of  this  cotiipouiiii,  thfe  ncid  [irgperiii/^  are  clearlr 
although  not  very  strongly  developed  :  a  I  [Mr  cent  uijueoiis  sohitina 
18  dissociated  to  the  extvnt  ci-CiOS  into  its  ions.  On  account  uf  the 
slight  diEsociation,  it  can  be  separated  from  its  aiiueons  Bohuions 
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If  tlie  wHier  is  reucnW,  tLc  aniifji-  (.■lui  Iw  formed  fj-om  the  liyiJroxy] 
cumpound  and  aniinoiiia  ;  if,  lomersely,  excr-^s  of  itufej-  is  prcBfint,  it 
converts  tlie  amido-conijjoiniil  iiilo  ihe  hydroxyl  cotupound. 

The  question  may  be  iisUed  if  jm  intermediate  fitaj^e  does  not  exisi 

^WtwetMi  tlie  siilp1i;iiiiide  atiil  l\\e  aiiinioniuni  sulphate,  just  ns  clitono- 
eiilph'jnic  acid  19  an  irncmicdiato  stsjic  between  fitilphuryl  chlonile  and 
iiilpliiiric  jicid.      As  a  matter  dC  [act,  such  a  coni|iniui(l  exists.      From 

■  ehloroeulpbonic  wid  wnd  nninKinJn,  there  ifi  formwl  milphamink  add. — 

SO/.TOJ[  +  9KH.,  =  S0^J{fJ!  ^  NII.CI. 

Ill  harmony  with  the  fact  that  Hcid  hydrogen  is  still  present, 
tuifkamiiii'-  imU  or  irmi'.ioif<tlphiri'-  odd  h  a.  monovalent  Mid.  li  h  a 
colourless  stib»tance  which  cryBlallisea  well  and  readily  disnolves  in 
wattT  with  iin  iicid  reactfon  ;  the  Boliitioii  is,  however,  a  weaher  acid 
than  aulijlimic  acid.  This  is  a  general  phenomenon ;  the  entrance  of 
An  atuidft-^rmip  reduces  the  sc-id  propertiee, 

SiilphHiiiiiiiiiiliuii  is  produced  in  the  form  of  its  ainmotiium  salt  by 
the  gradiral  aclicm  of  wsttcT  on  the  disaolved  siilphnmide— 

SO^(NHj)j  4-  HjO  =  NH^SO, .  NHy 

By  this  I'eaction,  siilphamiriic  »aid  dhows  itself  fitill  more  clearly  m 
%a  internn-'diAW  c^mpounJ  brtwet:ii  *iti!ph amide  iird  sulphiirie  ncid. 

Sulpliaminic  acid  1*  alsu  produced  liy  a  iiiiiiilier  of  olhicr  rpHCtions, 
tome  of  which  wil!  lie  discussed  Ijitec 

SnlpEiHini[iic  acid  can  also  bu  regai-dL^d  m  a  derivative  of  <unni"iiia., 
which  has  been  formed  by  one  hydrogen  of  the  latter  being  eliminated 
as  water  with  ore  hydroityl  of  the-  fiulpluiric  acid,  the  two  residues 
NH,  uiid  HSO^  then  iiniling  tctgethLir.  The  i|ueation  may  be  asked  if 
the  Bume  renctiim  may  not  octiir  more  thtin  once  with  iiniinnniii,  ao 
that  two  or  threo  of  its  hydrngans  expeiionce  tiie  aume  RdwtiLution. 
Huch  is  the  case,  the  following  ftubatances  lieing  known : — 


I '' 
AnniiniiiBu       K  -  H 

Ih 

DUiilf>h<iniinic  scid,      N-  SO,OH 
I  MO.OH 


Si]Iph»niinic  ai'iil, 

Trinlll[))iiiliiii>i<:  acij, 


I  .S0.,0H 

I  KOjOH 

N  sn.oH 

so;ioH 


Into  the  prepar':itiirjn  iind   proptrtiea  '.if  theKO  BiiliElaiices    wu    shall 
not  enter  here  ;  rather  they  Inive  been  ntmitioned   '>nly  for  the  pur- 
pose of   showing  how  conclusions  by  nnalnf^y  may  furnish   a  olup  in 
seardiiii^  for  new  enbatancea,  the  poBsibility  of  <>vr  detiiiite  r*        ''^ 
giving  rise  to    the   presumption    tliat   similar   reactions   are  po 
Such  concliieions  do  not  sSways  lend  to  a  jiositivo  reaiilt,  since  C>-' 
stances  may  exist  whicli  show  thai   tha  atialojjv  in   ijucBtioTi  dot 
hold,  or  th&t  it  ia  inipracti cable.     Still  the  metbod  h&s  virovcd 
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354,  GeEeral- — ^Tlio  name  ph(>iip}iarits  (light-tearer)  was  fonnerljri 
to  d©*igiiu.W  aW.  substances  whicli  possess  tlie  property  of  fmiain;;  f 
ivitlioijt  al  ih>?  sjimo  Xhmc  liiivitig  a  correspondinyly  liigli  lenipei 
Tliu  iiiiiiie  pliosplii:ires(;ence,  used  iti  physics  fur  t.ho  utter  InmituMC 
stiuwii  by  cerialn  siilisttinccs  after  a  pmvioiis  exposure  to  lij^lit, 
relic  of  that  usa-go.  At  the  present  tliiy,  tlie  nnme  phosphonis  iti 
fined  lo  one  ulemoDt,  whitJi  also  exhibits  the  above  property  of 
iumiiiescoiice,  lUthoujih  for  a  ditferont  rcnson. 

!''h«s<plioriis  was  liiscovereii  aWut  the  year   1670  by  an  alcl; 
BrnttUt,  who  obtaiiieil  it  hy  the  liislilhition  nC  tlie  reeiJiic  left  oal 
uviiporition  of  liiiriiari   uriiiu.      Ho  kept  his  mcthrxi  scri'el,  but  tt ' 
soon  foiiiiil  out  by  KimUel  in  Germany,  and  Boylo  m  KngUm). 
s.iid  Sclieeii)  also  soon  (ound  that  tin;  lion«s  ol'  the  vei'tebrato  niiit 
were  ii  mneh  richer  souroo  of  plio-sphonis,  mid  at  tlie   preaetit  day  ' 
still  rhiefly  prepared  fr'iin  thcsi). 

Thi'  niL'thnd  of  ohtainirif;  phnsphi^riiB  diipemls  on  tbi-  fnot  thntj 
i>xyj;i:ii  coiiipnnnd  of  phHSpht.iriia,  phusplRiric  «ciii,  which  is  L'rtriiui 
in  the  honss,  is  i-ediiced  by  cbaicoal.     Tlie  cliareual  CDiiibiiifa  withl 
iixygen,  pn<t  r.ho  phospbonis  la  set  free  /ind  diatik  over.      The  re 
cannot  In*  j-iven  heii>  in  d&lnii,  but  will  be  niore  fully  dcserilwr]  li 
(Chap,  XXtll.) 

In  nature,  phosfilioniH  oeeurs  only  in  the  form  of  salts  of  the , 
nidiitioried  phosphoric  (wid,  These  eonipomida  are  verj-  wide-spr 
attliDtigh  ihcy  dn  not  occur  anywliore  in  large  (pmntitiea.  They 
great  iniportanee  for  orgaaic  life,  since  the  "protoplaain"  uf  the 
the  subataiiee  to  which  the  actual  vital  nutivitj  is  attaelieil,  all 
CDHtains  auiall  aniounts  of  pbo&phoruB  compoiinde.  The  iienre 
brain  BUbaUiiices,  more  especially,  aie  comparatively  rich  in  phoapha 
which  18  thore  present  iu  the  form  of  phijaphoric  iicid  derivativoe. 

Salts  of  plioaphorif  acid  cir  the  phospImt<'s  arc  also  iiidis[)ensabl«' 
the  growth  of  plants.     As  the  soil  docs  not  tistially  uontniri  ranch 
this  substance  ia,  for  the  purpose  of  high  cultivntton,  added  to 
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M&oy  other  ga^ds,  especially  tlie  v&pours  of  organic 
acm.  Mtcb  SA  oil  of  iiiqt^nline  or  alcohol,  Whave  diHercutly  ; 
pt'^nt  tlie  lumincstKiic?,  even  when  tliej  are  present  in  voiy 
■Mnnt.  The  reason  b  a  great  retanlation  o(  ihe  velocity  of 
(B  tttwecn  f>li06pliorus  and  oxygen  ;  the  phenoniciion  is,  thcre- 
kcktaljtic  one.  TI113  heha>ioiir  is  of  importance  for  the  ahove- 
ImmI  nwthocl  of  UeMcting  phoephoms  by  means  of  tlie  htmin- 
ii!»re  it  can  make  it  appear  aa  if  phosphorus  were  ahseiit  when, 
ibtj,  it  ie  present- 

hoM  ([L  Hi))  ID  formed  in  the  slow  combustion  of  phosphonia  in 
and  can  be  re*(!ily  retfo^taetl  l>y  its  small;  that  which  13 
pbosphorus  smell  is  nothing  but,  ibe  smell  of  ozone. 
of  phosphorus  itself  has  n  smtill  Liko  g»rlic.  One  can 
oneself  of  tbia  by  preventing  the  destnielion  of  the  vaponr 
^  tr»cc3  of  a  substance  which  prevents  lh«  slow  oxidation. 
Btick  of  phosphorus,  half  covered  with  water,  is  allowed  to 
in  a  large  Aa^k,  wh«rehy  it  is  advantogeoiia  to  slightly  raise 
■■■peraturc,  the  air  of  the  tiaa\t  soon  hecomefl  full  of  o^one,  and 
ifBKtioiu  of  this  substance  given  on  p.  -SO,  especially  the  turning 
of  poUtssiutn  iodide  and  the  blenching  of  litniuii,  can  be  easily 
1. 
Sdw  osone  is  a  auhstance  which  is  formed  from  oxygen  by  the 
on  nf  free  energj',  tins  energy  must  come  from  soniGwhore 
lS-i<lently  it  ia  the  axidntioji  of  the  phosphorus  which  yields 
tnsT^.  In  sccordiince  with  the  principle  stated  on  p,  206,  such 
ca»  l»o  brought  about  only  by  ncjiipkd  reaction,  and  it  mnat, 
be  concluded  that  the  formation  of  ozone  takes  place  in  such 
that  the  nLtio  of  the  amount  of  oxidised  pbosphonie  to  that  of 
MM  produced  Is  definite  and  a  whole  tmnibor.  This  is,  indeed, 
m;  the  exiteriinenls  made  on  this  point  have  shown  that  cqtlal 
iia  of  oxygen  are  used  up  for  the  oxidation  of  phoephorua  and 
Uw  lurmntion  of  oimne.     It  has,  however,  not  yet  Ijeeo  established 

U»e  fh4"mical  reaction  here  is, 

J5S.   Phosplionig  Vapour. — The  combining  weight  of  phospborUB 

1.  (roEu  its  chemical  relations,  to  be  31  ;  the  molar  weight  of 

cak-jilat^d  from  its  vapour  density,  has  been  found,  how- 

,1  to   \-i,  SO  that  to  this  vapour  the  formula  P^  must  be 

III  this   respect,  therefore,   pho6|>honi5  ditfera    essentially 

nitrogen,  to  which  it  exhibits  many  points  of  resemblance  in 

eu«  of  it«  cotniKinrids,  and  19  related  to  enlphnr. 

At    Tery   high    temperatures,    the  density  of    phosjiheinis  vapour 

lew.     Exact  measurements  of   th&  progress  of  this  process, 

pnwumabty  tonsists  in   the    transfomialion    into   Pa,   are  not 

lo   aocnnlanct'   with  the  relations  existing  between  white  and  red 
M  descril>«d  on  p.  354,  the  two  forms  have  a  very  different 
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onai&ts  are  found,  oti  microscopic  examination^  M 

ight,  to  lie  crystalline.     Tho  conversion  of  white 
Fi3  accnmiMinieH  by  iiii  evolution  of  frCRt  pijuii]  to  1 

35G.  Reciprocal  TraDsformation  of  the  t* 
phoms.  — Tbiili  red  iflioopliuiiis  is  furmeil  from 
has  already  been  mentioned.  The  velocity  of  t 
very  grvatly  on  the  tenipemture  ;  at  aOO"  it  is 
however,  it  is  wiy  gre;»t— bo  {;;roat,  itirie«d,  tin 
takers  placG.  For,  since  a  consideraMe  OLDiount 
in  the  transforriiation,  the  tcmpc-rntnre  of  th< 
Bpontanemisl)',  and  the  velocity  of  tranaformatil 
Ko  increased  that  a  |9Drtio3i  of  the  pliu&phorue  C 
tho  heat  produced. 

The  velocity  of  transformation   can    be   very 
meaua  u£  eatulytically  nctitig  aiitatameE,  6i>  that  t 
formation  even  at  a  low  temperature  is  coiisidarl 
ticnily  ucccleniti tig  agtiit  has  hetrn  fi-Vind   in   i^i 
■  v.-u   when  present   in   very   small   nmnnnt,     lij 
dividftii  proilucf',  which  consefjuetitly  baii  n  l 
obtained   from  a  solution   of    yellotr  phusphc 
bromide  (p.  3(>:i)  at  170". 

Li^ht  exLTcises  a  similar,  accelerating  inf 
phngp bonis  wbicb  have   beoii   kept   f^r  some 
yhiss  LuUle,  bfcome  L-ovcred  witli  a  red  laj'er 
of  rod  phosphorus.      In  such  u  case,  it   iMti  gi 
that  the  outside  ]>ai-ls,  which  have  het-n  most  r 
light,  are  correspondin^'ly  rlarlier  in  colour. 

AJtliouy;h  sui;h  ilifterciit  conditions  are  ki> 
pliosphonis  luisses  into  red,  theR'  ib  only  one 
reverei:    triinafonuation.       It   consists    in    cm 
phonis    into  vapour  and  t|iiickly   cooling  tb 
conden&es  then  to  coSourleas  liquid  or  ftolid  p' 

If  these  facta  are  examined  in  the  light  i' 
we  have  seen  to  exist  between  polyiiii^rjili' 
case  of  sulphur  (p.  '^2^^f•).  we  must  regard  tl' 
utisfxi/le   funu  cnnpareti  with  the  red,     Thi'^ 
various  spontaneoiis  transfunuations  n  Inch  • 
liigh'  temperatures,  and  under  the  inHnencf 
lilthongh  the   latter  circumstance  is  not<'i 
greater  aoliibiiity  of  white  phoephonia  also 

Tile  formation  of  white  phosphorus  I 
CMC  of  the  law  that  the  Ua-i  gfiihU-  farm  fir 

In    the    casp    of    ]>olyinorplimi9    Btib-., 
possibilitio.?.     Eitber  thi--  two  forms  cMi 
either   side   of   whicii   the   relative  atab;J 
with  sulphur  (p.  35*);  or  hs  in.  the 
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(p.  i41),  the  one  can  be  the  stable,  the  other  the  unstable  form^ 
tiroug;hont  tbe  wiiole  acceesiblt!  range  of  leiiii«)raturu  up  to  the 
melting  point.  Siihstaiicea  of  the  first  hind  are  cuLlled  ewinfi/'lmj/ir, 
those  of  [he  secuiid,  ntimotrfjjic.  In  the  isisa  of  white  ami  red  pboa- 
phorus,  is  tli^  relationship  one  of  eiiantiotropy  or  of  monotrupy  i 

At  fairJy  high  temperatures,  red  phoaphonia  is  certainly  the  m&re 

itaWe,  since  it  is  produced  spontaneously  from  the  white.     At  lower 

tempe raUiros,  tiie  reUtionship  is  also  the  aame,  aa  ia  proved  by  the 

greater  solubility  of  the  whit«  form.      Consequently,  phosphorus  must 

he   regarded    aa   munofroj'ic,    snd    tlic    red    phoBphoriis    is    nnder    all 

circuxnaUinces  the   more  stable  form  conipnred  ivith  the  white.     It  is 

^Iw  the  more  etohlo  form  with  reference  to  li[Miil  phosphorus,  since, 

ladeecl,  the  conversion,  into  red  phosphonifl  at    higher   temperature* 

l*ltes      plscti    from,   the    liquid,    be<;aii3e    whit«    phosphorue    melts    sa 

low  as  44". 

Objectian  could  be  talten  to  this  view  on  the  ground  that  white 
pflosi"jhanis  can  bo  kept  for  a  very  long  time,  even  in  contact  with  the 
red  form,  without  transformation  taking  place.  This,  however,  only 
Iproves  thiit  the  velocity  of  transformation  at  room  temperature  is 
I  very  snuill.  This  is  not  a  mere  assumption  made  to  explain  the 
I  present  relations,  but  is  seen  to  be  in  accordrtiito  with  the  rule  when 
I'the  following  facts  are  kept  in  view. 

A-s    has   already  been    mentioned    several    tim-es,  the  velocity  of 

chemioa)  reaction  iucrcuGes  with  a  rifio  of  tenjjK^rattire  in  such  a  way 

.that  £^    rise  of   10°    or  15^  corresponds   to  a  doubling  of   the   vtlocity, 

»nd  the  reverse  hohJs  for  a  lowering  of  temperature.     Now,  the  traiis- 

lorm^tioii  at  2S0'  takes  place  in  a  lew  lioura ;  nasumc  it  to  occur  in 

ane  fci^^ur,  and  assume,  further,  that  ii  doublinjf  nf  the  velocity  takes 

place    <:nily  with  every  16",  then    the   reaction   at   10'   lasta   2"'  hours, 

or  alaom  eight  years.      If  we  n^sunie,   however,   that  thu  velocity  is 

idoul>l<2d  by  a  rise  of  10',  then  the   time  of  tranefoimatiofi  at  SO"  ifl 

foun^     to   be    lOOO  years.     This   rough   caknlatioti   shows   that    the 

wsufttption  of  ft  very  small  Velocity  of  transformation  at  room  tarn- 

P^'stui-y  t'oiit:iins  nothing  cnntnidictory  Uj  the  general  laws. 

^57.  The  Oxidation  of  Phosphorus  in  Air.^ — Not  only  dooa 

there  attach  lo  the  slow  coinbustiun  of  phosphorus  in  the  air  the 
l™^rical  iiitCFiist  that  it  If-l,  by  reason  of  the  pecuhar  eraiasion  of 
l'S*t,  to  tlie  discover!'  of  thia  element,  but  there  still  exist  at  the 
P'^'^Sdnt  da-V",  questioTia  of  scii^ntiiic  interest  with  relation  to  thia  long- 
Itnovn  phenomenon,  which  have  not  a»  yet  received  a  satjsfaetory 
answer. 

t'liosphoma  is  luminouB  in  the  air  at  ordinary  lemj 
i^t  tiie  same  time  underf;o<!fl  oxidation.     The   higher  the   tom] 
riaes,  the  more  vigorous  does  thia  slow  combustion  become,  pod 
iibuiit  45',  into  rapid  combustion. 

If  the  concentration  of   the  oxygen  is  diminished,  e.g.  by  tX, 
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phenomonon,  aiiice  the  hydrogen  pliasphidc,  in  consenuetice  of 
ready  deeorapusabilitj,  will  always  conLafii  tnices  of  phrwph 
vapour. 

If  the  Bpontaneniisly  infliLmmAhle  gas  is  kept  eome  time,  iti 
the  property  of  spoil Uiisoiia  indammabiliity,  ultliuii^h  anrilysis 
detect  any  eesentia.1    ilifferenca.      It   was,    therefore,   iit   first  thfl 
that   two  iJiiror«rit   kinds   of   hyJrftgeu    phosphide  of  the   sainft 
postlioii  fisisted,  until  it  was  fo«iid  that  the  pi'operty  of  sjwnt 
inflammability  belonged  tiot  to  the  pure  hydro^'cii  phosphide  I'H^l 
to  another  hydrido  of  pliosphorns  h;iving  the  composition  PJl,,  wB 
i a  produced  in  small  imiount  along  with  PH.,,  and  whose  prcscDt 
the  citnse  of  the  spontaneous  infliimmnbility. 

This  cAii  be  proved  by  parting  tho  spoiit«neoualy  inflaniT 
'  hydn^gen   phosphide   Lhrotigh  a  freezing  mixture.     The  less  vwb 
spontaneously  intlaniiuiiblo  hj''<lrogt'.r  phosphido  sepftrates  out,  and' 
iasiiinj^  ^as  has  now  lost  the  property  of  igmiiiiig  spontaneously. 

Tlie  ooiiipositinii  of  hydn.'gen   phosphide  r-ecalls  that  of  ammc 
and  in  view  of   Lho  manitold   reaeiiiblanco  between  nitrogen  and 
phonis,  basie  properties  will  also  he  looked  for  in  the  caeo  of  hydr 
phosphida      As  a.  matter  of  fact,  these  exiat,  hut  in  exceedingly 
degree. 

Hydrogen    |»hosj,ihide    coiubiuas    moat    remlily    with    the   halo 
hyrli-jicids,  iihove  iitl  with  hydrtodic  acid.     Both  yayea  eomhine  dir 
on  being  brought  together,  forming  a  crystalline  muss  which   has 
same  cryatJilliiie    form   as  ammonium   chloride.       Ite    eompesition 
repfeseiited  by  the  formula  l^HjI,  exactly  corresponding  to  iimmoni 
chloridu,    NH^l'l.       On  altoTupting,    however,   to  hIIssoKd   this 
mass,  which  lit-ars   tho  name  jrlioajiliciniiin  uHiuit-  (phoaphonium  =  Pi 
in  water,  hydrtiizon  phosj.hide  is  evolved,  and  we  are  left  with 
a  solution  of  hyilriodic  acid. 

*  In  order  to  olttain  phosphoriiiim  imlidi',  it  is  not  neet'ssar 
prepai-e   the  two  gases  separately,    but    it    can    bo    obtained  in 
opemtion  by  the  action  of  phoaphorua  and  water  on  iodine.     Fori 
purpose,  white  phosphorus  (4   parte)   is  placed  in  a.  retort  along 
iodine  (10  parta),  and  earefully  heated  with  water  (3  parts),      A. 
fold  reactiiin  fcakea  place,  one  portion  of  the  phosphorus  ftithdrav 
oxygen  from  the  w.ater,  eo  tbat   the  hyilrogon  can  coml.iine  with 
iodine  to  hydrogen  iodide.     On  the  other  hand,  the  liydrogeu  so 
duccd  goes  to  form   hydrogen  {ihosphidc.     Tho  total  i-eaclion  cnoi 
expressed  by  the  eii"i»tiou  51  +  !fP  +  l2HsO  =  4HPO„  +  5PH,1. 

Tho   above  meutinned   hyilrogoii  phospbidi?.  which   inflames 
taneouiily    in    the   air,  has   the    compufiitiun    VM, ;  it   is   a  colour 
itrniiil,  which  boils  at  5T\      It  ih  jui  unstable  substance,  and  tii 
as  well  as   in  contact  with   various  cat«lytic   stlbstalices   it  yie 
yellow,   solid  substance,  I'^H^,   or  snlid   lnnira<frjt  phcqifiidf'^   bye 
phoapbitla  yii  being  fotmed  a%  tha  ^M^fc  ^.^Taa. 


Sftl.  Halogen  Compounds  of  Phosphoni&.^'Plic^'phoriis  raiH' 
in  ecver^  pfoponiotis  with  all  iht  hsilggeti^,  so  tlinl  we  hnve 
a  large  rarieLy  of  different  en m pound.*.     Thesa  lire  mostly  very 
ive,   ".f.   have  a  tendencv  t"  nnJergo  ilecocnpositions   wjtb  otlier 

ami  are  used  as  important  rt-agenCs  in  many  preparations. 
If  chlorii)o  is  padded  £>ver  phosphomg  foiktiiin^tl  in  a  retort  from 
■ch  tbe  air  has  been  prcvinu^ly  ilisplacerll  by  carlton  ilio^cide,  in 
to  prevent  the  phosphoru.?  igniting  spnntfineoiislv,  direct  com- 
on  of  the  two  Utkes  jilitce.  Tlie  he-it  therehy  develiijicd  is 
il  to  Tftporiio  the  greiilor  pirt  of  the  eompound  formed,  and 
IRMidemt-e,  therefore,  in  the  receiver  iie  a  colourless  liquid. 
Tlift  reaction  proceeds  xn  the  al>ove  inaiitetT  K-hen  «  aiifticient 
Bt  of  phosphorus  is  present ;  if,  how-ever,  the  cLlorine  ia  in 
Another  &iih«taii<^e  is  formwJ,  which  will  bo  disciiaaed  later. 
the  alrave  substance  is  obtained  in  the  pure  state  by  distillation, 
pb'w|)hnrus  lieing  added  to  retniii  any  excess  of  ehlonne  which 
he  present.  It  forma  a  colourless  liquifl  ivhteh  boils  at  76  ,  and 
ladvnsiry  1'6.  Thti  molar  weight  of  tlu^  viipniir  is  13!*.  v\ceord- 
[lo  Uiia.  nm)  in  accordanci)  witli  tho  resnllpi  of  ajialysijn,  it  has  the 
PCIj  ;  it  is  failed  [ifMsphorfis  timhiwulf,  or,  in  view  of  the 
of  a  higher  chloride  of  phosphorus,  pkosjikoTotia  clUoJvic-. 
Pbosphonis  trichlnride  reacts  readily  witli  water  and  other  siib- 
coiitftining  hydrogen  and  oxygen.  Th>-  reaction  thereby  pro- 
in  *«ch  a  iray  that  Liie  chlorine  combines  partially  or  entirely 
hydrogen  to  form  Irydrogen  chloride,  while  the  oxygen  unites 
ihe  phosphonis  lo  form  an  acid,  phosphorous  acid,  which  will 
ril>oiI  later.  In  this  wny  phosphorus  trichloiidB  acts  aa  a 
»ti«ti  agent,  and  il  ia  not  wecessary  that  the  water  should  he 
aa  such,  but  may  be  reproaentcd  in  the  compounds  merely  by 
icnts.  The  rcartion  has  nothing  to  do  with  the  "  prctlisposing 
lity  "  (p.  3ft5),  for  a.t  tbe  hydroijcii  ittid  the  oixygen  here  experience 
i  «)ilT«rant  fatei*,  they  need  not  have  previously  stood  in  any  direct 

to  nno  another. 

Tbe  ahoTe  tnentioneil  decomposition  is  also  bnnight  ahniit  by  the 
vapoar  of  tho  nit,  and  foi-  tidis  reason  phoephonis  tmhlorida 
wh«n  its  vapour  comics  in  cuiittict  with  moi»it  air. 
In  the  formation  of  the  trichloride,  310  tj  are  developed. 
Whiin  cblorinp  ia  nlhiwed  to  act  on   phosphorus  or  on   the  tri- 
ulc  it  is  readily  itbaorbed,  and  there  is  formed  a  solid  substance  <''f 
ypiit  Jul  lo  wish -green  colour,  which  contains  fivtj  combining  weights  of 
in*  to  one  combining  weight  of  phrjsphonie,  and  ia  therefore  callod 
■  /tn^iuAliin'i/fi  OT  phn^phorii-  vfilorule, 

;i.-ini»  pentachlorido,  rClf_,  ilocs  not  melt  under  the  ordiniiry 
ic  since  il8  iKjiling   point  lies  Ifclow  its  melting  point.     Sineti, 
rpr,  th»^  Imiling  point  of  all  siihsl-incea  rapidly  rises  aa  t\\c  \it6%s\\v*i 
irhfnv3  the  melting  point  ia  affected  to  scarcely  ia\  aYy^atX- 
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able  extent  by  pressure  (p.  132),  the  boi.ling  point  ci 
the  pressure,  be  brouglit  nearer  and  iiearer  to  the  ni< 
finally  reach  it.  In  th«  ciso  of  phoaphorna  ponCaclilori 
tura  is  148',  aiid  the  pressure  amounts  to  seven 
Umler  these  drciiTiisLiiiices,  the  [junUidiloride  can  simc 
in  the  solid,  liquid,  and  vaporous  BUitisa,  just  iia,  cg.^ 
(more  exactly,  at  +  0-0073  ,  p,  134).  Under  a  still 
the  pQiituclilonde  behayoa  like  niosi  other  Hubstiiioo 
and  afterwards  boils  if  the  tmnpemture  is  furtbar  rais 

tu  accordance  with  the  formula  P*J1^,  fcho  "vapou 
pentachlorido  should  have  the  molar  weight  '20S.  1 
of  this,  however,  shows  that  this  valne  is  never  reach 
actnnl  density  of  the  vapour  is  lass.  The  differ 
density  l^ing  eo  much  the  less  the  higher  thfi  teiti 
lower  the  pressure.  In  this  respect,  the  vapour  of  fr 
behflvea  iii  a  perfectly  aimilur  manner  to  the  vai 
peroxide  (p..  327).. 

Hero,  also,  it  can  be  aueumad  tbat  the  va}>Olir  r 
stance,   but   that   the   peiitachloHde    in   the    vapor- 
dissociates  into  phosphorus  lri<,-bloride  and  chlorino, 
the  equation  PClj  =  PCI,  +  Clj.      Such  a  mixture 
ehlorina  must  have  half  the  density  of  the  vapnup 
for,  as  the  equation  shows,  one  volume  of  the 
the  same  ]>ressni'e  into  two  volumes  of  its  dtii 
The  observed  values  of  the  molar  weight  lie 
20S  and  1U4,  and  from  the  densities  observed   ui 
the  proportions  of  trichloride  vapour  and  chlori 
a  mixture  of  that  density  can  be  calculated  (p. 

Confirmation   of   this  Wew  can  be  obt»in*i' 
The  vjipour  of   the  peritachluride  ban  the  yel 
chlorine  only  in  a  eliglkt  degret!.      If,  mnv,  it 
proportions  chlorine  must  be  mixed  with  any 
to  yiehl  a  gas  of  the  same  colour  as  thi:  pcutii 
be  conchided  that  the  same  proportion  of  chloi 
The  determination  made  in  this  way  of  the  rt' 
vapour  of  the  pentachloride  a^'ree<l  sufficiently 
from  dctonninatioii!)  of  the  density,  on  tli< 
dissociation  inti:i  trichloride  and  chlorine. 

Phosphorna    po nt;i chlori de  fumca  straiif. 
powerful  irritant  action  on  the  raucoua  mem 
be  frxercised  in  working  with  it.     With 
decomposition,  with  formation  of  phosphr 
(vid^  infra}.     The  ]ientaehloride,  also,  act* 
Bimilarly  to  the  trichloride.      In  this  cax 
large  amount  of  chlorine  contiiiiiod  in  the 
place  comes  into  action,  and  the  pentacbl 
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phoric  acid.     When  phosphoric  acitl  is  6]joken  of  witl 

wi/iuphosplioric  acid  is  always  meant. 

or  the  three   acids,  thit  last  is  by  far  the   mos". 
nature,  compoundB  of  it  alone  lU'e  fotinJ,  ami  th«   • 
spontaneouely,  in  iiqUeoua  sulutiou.  into  the  orthoph'.- 
lis  the  differeut  forms  of  sulphur  at  tliB  ordinary  M-n 
ultim-itely  into  rhombic  sulphur  as  being  tlu^  most  ^i 

Orthitjiliospliorit  auid  is  olitairit-d  by  (lisBolvini. 
ojcidi-  in  waUT  luid  fillowing  ilie  eoliitjon  to  stand  »'•■ 
preferably  in  tliu  lieit.     Tlie  l&iat  alabk  form,  tnui. 
first  formed,  and  this  gradimlly  pn-sses  intfl  the  et.i  i 
is  obtained   more   conveniently   by   osidising   »"li. 
dilute  iiitnc  acid.     The  phos].ihonis  diseolvos  will 
oxido ;  the  pliosplioric  acid  which  is  formed  cmi  b 
the  oxceiis  of  nitric  acid  and  its  reduction  ]>n>c)ii 
centratinj^  and  heating. 

Orthophosphoric  acid  is  obtainod  in  tliis  wn 
which  crystftUiaeB  only  slowly  unci  with  diflJciill 
of  the  purti  aoid  is  4"2'  ;  the  molting  point  iv  |.. 
of  water,  a  ad  likewise,  also,  hy  the  presente  ■<'  - 
This  is  due  to  the  general  fact  thnt  the  nu'l:  ■ 
stance  is  lowered  by  the  presence  of  a  forui,L.*ii 

Impure  phi>sphoriu  acid  is  ubcaiiUKl  from 
the  mammals  ^.-onsist  partly  of  tho  catciMm,  ^■l 
and  ]i!irtly  of  orgiinti:  nitrogenous  matter  wh 
paeatvs  into  f^Ulc,     If  the  bonea  are  hfiite*!  i 
bhick  owing  to  ttie  carbouiBa.tion  of  the  <• 
tiiitiint;  tho  henting,  the  eharewd  l.nniji  n 
left  in  the  form  of  white  maases  leljiinKi. 
bon«B.     This  r«Biduo  ia  cjUled  fifne-asii. 

If  powdered  hone-a»h  is  mixed  vin, 
occura  a  reaction  of  the  kind  <UEHTibeil 
is  a  dlHicuUly  suluMe  sii\t,  and  tor  Lhl,^     ■ 
Bulpliurii:  add  and  eak'ium  plingfihatfi,  . 
at  the  sam«  time.     On  lilterijip;  tiiu  ma 
phoric  acid  wliidi  ia  formed  is  BoJJarate^! 
aiiiphate. 

Since,  however,  this  salt  js  nm   r,- 
amoUEit  of   it   reraaina  in  the   sohi'"' 
pure    calcium    phosphate,   and    s'ltue 
aoluble  compounds  iinde^r  tho  action  iv; 
aciil   obtai[ifd   in   tliis  way   is    nn! 
many  techtiiral  purposes. 

As  can  Ije  gathered  from  this  lU-  ■ 
in  water.  Indeed,  it  Js  so  soluble  il- 
been  determined.     Even  small   urn 
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It  I. if  ptios}ih<tric  at'UI  below  room  tem[ionitiire,  and  thus  cont'prt  it 
a  ^i^hitioii  wliich,  cti'tiihily,  contaiiiia  only  a  emiill  qiianlitj'  of  the 
It,  L.«.  of  wnler. 

;  The  nqUdCiUA  aioliiliun  t«Muts  acid   to  litmus,  and  has  a  |.iure  nnd 
intlv    acid    taste-      Its  electncal   comiuctivity   is    ci>mpitra.tively 
one  mole  of  plioaphoric  ncid  dissolved  in   Id  litres  of  water 
kim  only  a  quiirtor  iis  imich  hydrion  o^  an  ei|ually  dilute  hydro 
acid  solution. 

'  Fhocp'lionc  acid  is  a  Iriliasw  acid  and  can  therefore  form  three 
iif  sa1l«  ill  wliii-li  one,  two,  or  tliree  combining  weights  of  liyili-o- 
I  rrplofcd  by  n]«t:Us.  Since  tbore  &re  two  ditierent  acid  »LiIts  and 
ilU  these:  arv  di^Ungiiiflhetl  by  stnting  in  (^reek  iiumei'ale 
%uiy  comliioing  weights  of  hydrogen  are  replaced.  Thu*,  iwtau- 
'im  pb<>fi|>hute  is  the  etdt  KH^fOj,  c/isodinm  phosphate  is 
^^.  iukI  IrtiMver  phosphate  is  Ag.|PO,.  In  nature,  only  salts 
ria»t  ty|><,  or  normal  suits,  occur, 
(hi  kttcmp^ting  l«  iwiutmlise  an  at[ueoua  aoliibion  of  [ihosphuiic  acid 
caustic  s<MJa  with  tbo  aid  of  litmus,  no  shiirp  trsnsitioD  is  obt4iined. 
of  the  thiop  combining  wciyhta  of  caustic  soda  which  would  Iw 
fi^r  ibe  lomialii'ti  of  tho  uormal  salt  according  to  the  e'lHntion 
>j  -  SNaOlI  =  Na-J'Oj  +  3H.,0,  less  than  two  are  ri?']iiire<l  u*  pru- 
An  alkiiliric  reacthm,  and  the  )>lu«  coloration  of  litmus  appears 
lly,  ao  lh;»t  no  definite  moment  can  he  given  at  which  the  liquid 
tt«uiml.  Also,  the  amount  of  caustic  sods,  depends  on  the 
the  more  dilute  the  solution,  ilie  somier  does  the  blue  colour 


'  can*''  of  thpac  phenomena  is  the  ditrorenco  in  the  dissociation 
ithr-*!*  hydmgens  of  phosphonc  aL-id.  The  .liEsociation  li.,I''0^  = 
-H. !'<>,'  •icciu-s  ciim]»nrativcly  easily  and  in  locaaurulilc  amount. 
ifurtiifT  dissoriuti^in  H.,l'<)^'i=H"  +  HI'O^'  takes  jdace  oidy  in  vtry 
\t  dfqrrri*.  and  ihc  third  digsociutiori,  I1P0,"=  H' +  PO,'",  is  ex- 
iy  alight,  W'hi'u,  therefore,  n  normal  salt,  r.j.  the  solution 
S*(POj,  u  dissulvud  in  water,  the  corresponding  ion  FO,"  cunnub 
Itut  acta  on  the  water  ot"  the  solvent  in  the  senso  uf  thu  t><|ualinii 
r^  *  H50=nF0^''+  OH',  Hydrojsidion  la  produced,  and  the  liipiid 
therefure,  reitct  alkaline.  In  other  words,  we  have  here  again 
■w  uf  hydrol^-aia  (p.  3.3'0). 

The    divalent  ion,   HPO^',   also    expeiiences   in    Blighl  degree    sk 
trsmformation  in  a<jneous  solution,  HPO^"  +  H„0  =  H,3V  ^ 
>  Uiat  the  disodinm  pbosphats  also  undergoe.^  sliglit  hy<irolvats, 
liidrvfofo  exhihitii  a  feebk  alkaline  reaction.     This  is,  however, 
fMrUer  tfaaa  in  the  case  of  the  normal  salt. 
Kince  these  ililTt^rent  equilibria  insist  side  by  sitEe,  and   are   also 
It  oil  the  tem[ieratnre  and   the  dilution,  it  is  clear  that  on 
jf)  tii€  hydrion  docs  not  suddenly  tiisappear,  as  in  tbe  casA 
^^axiag  «id^  hut  its  iimoant  dimhilsbes  gradually  and  coutiuwouLsX^ . 
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For  this  reason,  no  sudden  but,  only  H  conLiituoua  chitnge  of 
occurs  whtii  lilnuis  is  present. 

The  heat  of  foriuatiuii  of  Uie  tvivjiidnt  phospiianioii  PO^"'.  a 
to  134ti  fij ;  that  of  tlie  divalent  hydro] jhosphanion,  PO^H',  I'i' 

SHri.  Pyrophoaphoric  Acid. — If  oithophosphonc acid  is curefi 
heated  to   i'>0'~,  it  loses  water  and  is  couvertod  into  pyro|i]iosp 
acid,    lI^PjOj..      This   process    lakes   place    in   aceopdaiice   wit 
cquatioii 

2H^P04  =  H^PjOj  +  HgO. 

A  sure  meaiiB  of  obtaining  pure  pyrophospboric  acid  is  U) 

such  units  of  oithophosphonc  wid  as  contain  just  enough  hydrc 
^iuld  n,  rcaidnc  of  pyrophosphate.     This  hap|ieiiB  in   the  case 
eiilta  ill  which  two  hydrogens  are  ropkced  hy  metal,  cjj.  ordin: 
sodium  phosphate.     If  this  salt  is  heated,  the  foUowniig  reaction 
plate — 

2HNa,PO^  =  \\PjOj  +  HjO. 

The  free  pyropliosphoric  acid  can  be  obtained  in  aigueoiiG  so 
from  the  pyrophoa])hate  thus  formed.  Vjj  converting  the  latter  ijit 
dif&cultly  soluble  hud  suit  and  decompusing  this  with  sulphui 
hydrogen. 

Unlike  pyrosuljihm-ic  and  pyr«su)phurou3  acids  (pp.  294  and 
pviophosphoric  attd  futiuus  ita  stiita  in  a'i\ieons  soliition  for  a  til 
niid  changes  only  slowly  into  orthophuspboric  acid.  The  latter  rej 
sents  the  stable  state  to  which  thc!  aqiieuus  solution  of  the  actd  UA 
all  circnmatances  appiuaches.  The  velocity  with  which  this  comlil 
uf  eipiilibiium  ia  vouched,  depcnda  on  the  temperature  and  the  c 
cetitration  of  the  tydrian  in  the  solution  ;  the  Ulter  Hccolerates 
t  runs  form  at  ion  catalytic^lly.  For  this  reason,  thu  Iniusforautt 
takes  place  much  more  i^iiickly  if  nitric  ju'icl  is  added  to  tlie  so! 
and  tile  cOHCeuti-iUioii  of  the  bydrioii  ihei'«by  iiicrease^l. 

Apart  from  the  composition  of  the  salts,  pyrophospliaiiinn 
tinguished  by  various  reftctioiis  from  orthopliMpbauioti. 
apjmrt^nt  fruni  the  formiilji,  it  ia  tetralwaic,  and  furms,  according 
fuiii'  aeHflS  of  salla,  The  neutral  or  normal  Sitlls  contain  two  ^ 
Itiiiin}^  Weights  of  a  monovalent  metiU  or  monovalent  cation  lol 
combining  weight  of  plinsphorus,  whereas  normal  salts  of  orthopB 
phaiiion  contain  three  comliining  weights  of  n  mtinovalent  catiob 
one  of  phujphoi'ug,  I 

To  distinguish  the  two  iuna,  silver  nitrate  is  added  to  tbo  n 
tio».  If  the  ion  P0_,"',  be  prfseiit,  a  yellow  silver  salt  of  the  oompc 
tion  Ag,|PO,  is  precipiULtftd  :  pyrophosphates,  or  the  ion  I'jO»",  yio 
on  the  other  hauri,  a  white  precipitate  of  the  composition  Ag,P,< 
Byr  means  of  this  reaction  also,  one  can  observe  the  slow  tmnsfuitoati 
nf  fi  so/iitiou  of  pyrophosphoric  intu  ovl.ho\»ho6yhoric  acid. 
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317.  Metaiphosplioric  Acid. — On  hfaling  onhophoHphoric  aeid 
sirnn^l  V,  it  [villi's  iiiLo  ni'titjihoi'^'horir  aOiil,  which  iiKftSv^is  slows  to 
Un.'  corapndtMiD  HPO^.  Its  conifKtsitioti  is,  however,  not  repiT- 
Bd  (ly  the  simple  formtiia  but  bj  a  multiple  furmiilii  (HPOj)„,  wh^re 
whole  number.  There  (ire  various  iiieta phosphoric  ackU  which  are 
ahly  distinguishwi  from  one  RHother  by  the  difference  in  tbe  value 
ihe  chemistrv  of  these  coniiKiiiiids,  however,  iisis  as  yet  heeii 
ed  np  only  to  a  rnthtr  small  extert. 

letajibfisphonc  acid  obtained  in  the  aljova  manner  forma  h  glasB- 
whtcfa,  at  a.  moderately  hife'h  lenipemliirt;,  melts  to  u.  viseous 
id,  Bodr  on  cooling,  fornis  an  amorphous  solid.  The  "  gUci;il " 
flnne  acid  of  commerce  is  metapboHphoric  acid.  It  dissolves  in 
\  yielding  an  neid  li([iiid  whose  re<ictioii6  are  different  from  thune 
e  nlher  phoipliori<!  a^ids.  It  givebi,  itideud,  like  iiyraphosphuni- 
a  white  silver  salt,  but  hits  the  further  [iro[iert.y  of  /itrfijiil'ilinii 
MMt,  A  properly  u'hich  is  not  pcagessud  by  the  other  phosphonc 
A  solution  of  mctaphoHphoric  iieid  is  tise(3,  therefore,  to  detect 
mMncf  of  albumen,  r.iF.  in  urine.  For  this  [nirpoBe,  the  solutioti 
■c»l  moM  be  freshly  prepared  sinc«,  on  kee])iiig,  it  is  slowly  con- 
id  into  ortbuphosphoree  acid. 

W  tliu  traii»fotniation,  tbe  same  general  remarks  hold  as  were 
tat  Lbc  eorrt'3pnnili)i>;  transfoi'matioii  of  pyrophoaplioriu  acid. 
phasphnrir  avid  litts,  however,  nut.  been  detected  a6  an  intermediate 
t,  sllhongh,  on  thconstical  grounds,  it  \a  probable  that  it  is 
fonoAl. 

Abo  when  phosphorus  pentoxiJe  is  diaanlved  in  water,  metaphos- 
•rid  is  f^irme*]  as  the  first  prcluct,  ami  not  the  form  which  is 
t  stable  umler  these  cireumslances,  viz..  orthiiphui^gihoric  acid,  in 
idkooe  with  the  generul  law  of  thr  Eirat  appearance  ul'  the  less 
la  forms. 

i^H.  Chlorides  of  Phosphoric  Acid.— If  orthuphoaphoric  acid 

r  rHp.-ib|e  ol  further  taking  up  one  ecimliining  weight  of  water,  a 
lUlwiic  '»cid  would  be  produced  :  H^PO.  -  H„0  =  H.PO^  or  P(OH).... 
can  imagine  all  the  hydrcixyh  (if  this  acid  to  be  repluced  by 
we  (chlaJii  PCi^i  the  pbusphorus  peiitjiichloride  alremly  de- 
Aa  a  matter  of  fact,  the  chloritle,  when  decomposed  with 
r,  yiehia  phosphoric  Acid  ftlonj;  with  hydrochloric  acid :  PCIj^  + 
l=H^,  +  5HCl. 

jeft  this  chloride,  there  is  ako  known  the  ehloride  of  ortho 
ric  aeid,   if  the   formiihi  of   this   is  written    PO(OH)j.      This 
3e  hu  the  composition  POCl,,  and  is  uauully  called  phoaphoru? 
rdibndc 

fhdtp/umtJt  (rryrJilorulf  ia  a  eolourlesd  Uipiid,  which   has  the  density 
lUd  which  hoits  at  107~  and  fumes  in  the  air.     It  in  violently 
bv   water   to   hydrochloric    artJ    ortho  phosphoric    acida; 

1\, 
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Tbe   ci)iii|innrid   is  prepiU'4?d  by   the  action  of  small  amouni 
wjilor  on  the  pentiiclilorido  !    Pt'l^  +  H„0  =  POCI^  +  2HCI.      In 
of  water,  nimieroiis  other  corapumuls  can   he  uaed  in  which  oi 
and   hyeirogen  are   praaent.      If  auch  a  comimimd  is  represent 
tbe  formula  R-.  OH,  the  reaction  takes  place  according  to  tbe 


R.OH+PCl.  =  R, 


CI  -i-  POCIj  +  HCl. 


eqa 
III  the  caso  of  hydroxj 


pounds,  this  reaction  occiira  so  readily  and  rcgidtirly  that  it  is 
detenniiie  wbethur  hydroxy]  ebould  bt  .issumed   in  any  given 
pound  or  not.     In  or^'unic   choniiBtry,  especially,   phospLonia 
I'htoride  is  used  in  this  iviiy  as  ti  reayent  for  byditixyl. 

As  an  exa^niple  of  tliis  actioiij  it  may  be  cited  that  siilphunc! 
on  being  treated  with  phosphorus  pcntaehJoride,  yiehia  chlarnaul 
Bcid    or    sulphury!   chlorido   (p.   ;)0S),    according   to   tht,'    pro|)Oi 
uaed.      The   rciietions   tiilte  place  in   accnrdunce   with   (he   eiji 
SO,(OH).  +  PCI,  =  HOSO.Cl  +  HCl  ^  POCi^  and  .SO,{OH),  +  2 
S0X'L+2PUCl.,+  i'HCl. 

Siniilarlj',   nitryl  cibloride  ia  (ormed  by   the  iiction  of  the  )ii 
chloride  on  nitric  acid  :  NO.OH  +  PCI5-NOXI  + HC!  +  PuCl 

Another  preparation  of  ]>ho8phor«s  oxychForid*  is  from  p. 
pentiichloride  and  [>entoxide.     It  lakes  place  according  to  the  eqii 
P„0,.  +  3PClr;=  srOCI..,  if  the  two  iubstanctft  are.  mixed   in  llie 
proportions  and  lieatcd  in  n  SEiiiled  tube. 

*  The  method  of  allowing  substances  to  act  on  one  onolbe 
aeiiled  glass  tubes  19  employed  when  it  is  desired  to  use  a  fairly  I 
temperature  aVjovi;  tliiO  bi>i)ir)g  point  of  o»iO  of  thv  rencting  sulisL 
iin<ler  a-tnioBpheric  pressure.  The  nuci'ssity  for  a  higher  t*inper 
occurs  when  the  reaotion  does  not  proceed  fuiA-li/  tiiougli  itl 
temperatures.  Even  in  tbe  case  of  siibstunees  sejded  up  in  glasn  to 
which  must  be  rande  of  strong  gjiiiw  and  carefnily  si^alcd  off,! 
volatile  substance,  it  is  t-ruo,  will  partially  vaporise  ;  the  presaiu 
the  interior  of  the  tulw,  however,  thereby  rises,  and  with  it 
boiling  i»i[it,  90  that  the  greater  p;irt  of  the  substance  docs  not 
into  vapour. 

■   The   pressure   hereby  produced    tas,   in   general,   only  a 
influence  011  the  cbcu1ic.1l  reaction  ;  the  essentiid  point  is  tho  poasih 
i)f  raising  tho  tenipcnitiue  without  the  suhsljince  evaporating. 
The  heat,  of  formation  of  phosphorus  oxychloi'ide  is  611  kj. 
3ft9.  Phosphorous  Acid.— When  phofiphonis  trichloride  iil 
^■oniposed  with  water,  there  is  formed  tbe  compomid  PO^Ei^,  which] 
iiuid  praporties  and  is  lailled  pUoS^'hcirmLs  ami. 

The  reaction  wbicli  leads  to  the  formation  of  phoaph-orous 
represented  l>y  tho  equation  PCl,.^  +  ;iHJ.)  =  V(0\\\  +  3HCI.      tt 
place  with  great  rise  of  tem [jc-rature,  and  ibis  can  easily  itfTccl  a  fu 
dccompoBition  of  tlie  pbospljofoua  acid.     It  is,  therefore,  txpedie 
use  eonefulrated  Jiyihochhrk  m-H  in  plate  of  pure  water.     Tho  hy«] 
chloride  formed  will  then  not  be  disgulvod  but  will  eecape  u 
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tiir  hrat  of  reaction  will  thereby  Lo  diminished  by  the  amounij  of 

best  of  Bolutioii  oi  hytli'ogcri  chloride.     The  resulting;  acid  Hquid 

from  the  exc«3s  of  hjilrochlorlc  acid  by  evaporation  on  the 

h,  and  ihe  fiure  phns]>hor«>ua  iic'ni,  melting  »t  74  ,  erystulliees 

ihc  li>|uid  on  cuoliii^, 

pho«p]ioror3«  ticid  toiitaiim  one  combining  weight  less  oxygen 
orif  acid,  it  cjin,  hy  taking  up  oxygen,  jiasa  into  the  Itittpr  ; 
■n  &cts  ika  a>  reducing  a^'cni.     On  Vieing  bented,  it  acta  in  tliis  vmy 
i'*-\f,    whereby   a  |Hirtion    is    reduced    lo    hydrogen    phoaphida: 
>*,=  3H,P0,  +  FHj.     We   have  here  assumed  the  ftinuation  of 
-    ^   ■   ■■'■.  acid;  ae  a  niallCT  of  faul,  tliis  simultaneously  loaes 
IT  into  metaphosphoric  acid.     Thu  einTcsiioniling  change 
iriiin  can  he  easily  niiide.     The   hydrogen  phosphide  which 
i-«k<.-^  liru  &t  the  temperature  of  decomposttiou,  and  burns 
B  greenish  tinma. 
Pboepboruus  acid   also  liehaves  aa   a  reducing  agent   in  aqueous 
and  withdraws  oxygen  and   lialogen  from  mnny   substances. 
Uw    silviT  and    inorcnry    salts,   more    especially,   are    reduced 
ttietAls,    which    nrc    precipitat^-d    from    the    solution.      This 
i«    uMil    mort!    especially     for    the    detection    of    dissolved 
compounds, 
Id  lunitnviising  phosphorous  acid  with  the  aid  of  litmus  or  atiy 
todicator,  tiu  aliarp  trausilioii  ia  obto-iaed.     Tho  liquid  becumfra 
before  lIlB  second  equivnlent  of  ciinstic  swla  or  |HJl;iah  has  been 
I,  ftO   tliat,  al  inoet.  only  two  coutbtnin^'  tv-i^hts  of  hydrogen  of 
tacid  can  be  replaced  by  ini;tals  iu  aipieoiis  solution,  and  even   in 
•ulid  Btat«,  no  Piilts  of  phosphorous  add  are  known  in  which  more 
I  Iwo  ciitnbiuing  weights  of  hydrogen  are  replaced.     FhosplmruuR 
!  ii^  tb<3<efore,  rugard«d  as  a  dibasic  acid,  and  normal  pho-tpiw/ivii  has 
formaU  PO,H  . 

*  Tbts  bahaviour  c«n  be  «xpressf:d  by  a«6UTQing  that  the  two 
111  mill  I     hrJrijg«nj«    nre    joined    to    oxygen    to    form    liydnixide, 
tlie    third    i»   united   directly    to  phosphorus.      This   would 
OH 
f   the    formula    Of  OH.       According    to    this,    phoephnmus    ucid 
11 
be   a  derivative  at  phosphoric   acid,  Jn   which   ono   hydroxyl 
ttpUcecI  hy  hyilri>gei]. 

Tiie   eir«umetiincc,  however,  that   phosjihoroiie  acid   ia   formed 
■mtootfaly    by    the   action   of  water   on   phosphorus   trichloride, 
agunst    this.      Th?    fonnution    uf    the    acid    by    water    is    a 
Jul   mctioo    »(    the   acid   chlorides ;    these,    on    tho    other   band, 
darirativeB  of  the  ocida   formed   by  the  replacement  of  hydroxy! 
chtiiniie.       According   to  these    reactions,   phoHphorus   trichloride 
ghl  Uj  be  the  chloride  of  phosphorous  acid,  and   this  ought,  there- 
to have  th«  fnmiiila  P(OHV 
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*  The9e  coiitradktury  viewis  are  not  irretnncilaWe.      It 
necesgury  that  all  tlit*  hydi'ugen   whiclv  is  |]res«?iil  in  hjdroxvl 
he  replaceable  by  metals.     Accurdiii^  to  wiiat  was  snitl  nii  p,  2" 
gradiuU  diesociatioii  o(  a  polybasic  acid  muBt  take  place   with  gr 
difficulty  with  each  aucceasivc  etep.      We  have  here  %  case  whor 
Inst  sta^  is  so  dilficult   to  attain   that,  uudt!r  nariual  condiuonri 
replacement  of  the  tiiird  hydrogen  by  metals  occurs,  aiid  tlie  fo 
F(OH).|  tan  be  ijuitr^  well  rucomciled  with  the  dibask  n»tiira  of 
Iiliorous  acid.     If  it  is  desired  to  give  expression  to  bliie,  llie  fm 
can  also  be  written  H2PO.,(OH). 

*  The  fort-going  discussion  furnishes  an  example  of  how 
are  miide  to  eKprefis  ih«  so-called  "constitution"  of  a  compou 
the  wuy  in  which  tho  foiiuula  is  written.     By  this  is  meant  thal| 
lormula  is  written  in  siicli  a  way  aa  to  give  expression   to  iJn! 
important  reactione  of  the  substance  in  question,  8u  th;it  tlieae 
easily  read  out  oE  thi'  formula. 

*  The  moans  adopted  for  this  comuists  in  writiug  those  elcn 
which  are  often  eliminated  together  in  such  a  way  that  they 
side  hy  side  Ja  the  formula  ;  they  are  ^metinn^a  still  fiirtter  scp 
from  the  other  elements  by  means  of  a  bracket  or  a  dot, 

*  Such  a  separAtion  can,  for  example,  be  x'ery  well  eajriwi 
the   ciise   of  salts   in   respect   of  the    two   ions,    and   the    forniB 
ammoninm  nitrate  is,  therafor'C.  not  written  NjU^Oj,  which  repr 
tlie  total  conijwsitioii,  but  in  the   form  NH^ .  NO^  to  show 
Bait  when  dissolved  in  water  dis^oi^iatGe  into  tht  ions  NU/  »nd  >'^ 

*  In  the  caae  of  the  polybasiic  acids,  which  can  form  several 
this  eeparation  causes  some  ditticulty.     In  such  cases  it  is  cairie 

■  in  such  a  way  that  idl  the  hydrnjjen  which  could  fonn  hydrion  If 
diasocitttion    were   c!om]ilote,   is  separated ;    thu&,    phoaplioric 
written   H^PO^;    in  this  way  all   the   three   liydro;;ens  are  tnwJe 
apjMjar  as.  ions,  althouj^h,  in  a<[ueon8  eolnlioii,  the  third  hydrog^t 
dissociated  only  U)  a  very  alight  extent.     In  the  eaae   of  pbospbartl 
acid,   only   two    hydrogens   are    regarded   as   ions,    although   we 
probably  deiiling  only  with  u  difference  of  degree,  and  not  with 
essential  diH'ercnce. 

"  The  demand  for  a  nniversally  valid  forinuhi  can  lie  allll  h-«  i 
where  wa  are  dealing  with  oxy-acids  which  can,  on  the  one  hanil.,!! 
otf  hydrion,  and,  on   the  other   hand,  when  water  is  excluded,  ad 
hydroxyl  eomponnda.     This  is  the  case,  for  example,  wiili   sii! 
acid-      This   difficulty   i.s   ovorcome  by   employing   different  fo; 
according  to  the   reaction   to  which   it  is  desired  to  give   exp 
Accordingly,  aulpbiiric  acid,  as  acid,  is  written  H„KO,,  or  Hj .  SO, 
hydroxyl     compound,    however,    SO<,(OH}j,       In     other     words, 
"  cotistitution "  of  sulphuric   acid   cannot   be  represenleil   by  « 
formula,  and  use   is  th«refuro  made  of  more   than  one, 
they  are  rei|uired. 
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One  TuighL,  iwrhii[is.  hIsh  ujiite  llie  l.wu  funniilfl-  liy  using  tlio 
uid  s£iit)n<^  the  rulv  tliAt  the  hydrogen  iiltai^livtl  to  tbr  oxygon 
jxyl  is  specially  capable  o(  iwing  split  off  as  hydrion,  We  wouliJ 
however,  come  back  to  the  cnntradictioii  d(  phosphoroiiti  iicid, 
frnm  the  fact  that  iin  HpliLtiu};  nff  of  hjdnificn  can  be  detected  iu 
M*  tif  the  Iwisic  hydroxides. 

_Tli«!  <|Ut;slii)n  must  be  asked,  why  it  is  that  these  relntionfl  give 

eh  changing  formitktion,  whoreiis  many  other  relaliojis  could 

nlifihod    nith   definileiiess  and   free   from  contradiction.     The 

is    that    it  18    here   a   (question    of   rei)raaentiiig   very   varied 

the  laws  of  which  depend  on  many  more  varialiles  than  are 

in    the    chemical   formula.      The   tiak   consfsts,   indeed,   uf 

suniniHrr  of  all  the  triinafornialionB  which  one  subatancc  Ciin 

I  Willi  otiiefs  J  these  tnuiBfurmations,  also,  so  far  as  their'  result 

vd,  are  not  <iuitc  definite,  but  depend  to  a  large  extent  on 

coDilitiuns,  such  Jis  temperature  and  pressure  or  coneentratioii. 

dtvemtiefi  cs-nnot,  of  coui-se,  be  represented  by  the  simple 

of  the   nslntive  arrangements  of  the  t^Iementary  symbols,  even 

th«   KsaisUincc   nf  ^pnce,  and  a    "  const itutionid   forniulla"  must 

Always  remuin  orie-*ided  and  be  limited  to  the  reprosetiUUioii 

it«  relftttom  which  have  a  special  impoitance  from  their  frequent 

jce. 

By  ilic  vtry  cartful  oxidation  of  phosphonts  in  a  stow  current  of 
white  mibatance  is  obtained,  which  diH'ei's  from  the  phosphorus 
btuxidc  by  its  low  melting  point  (32'5  >,  Jind  it*  volntillty  (Ivjibng 
17.T  ).      AnaJysis  shows  it  to  ctnitaiit  three  combining  weights  of 
to  Iwo  of  pho3i>horu9 :  detenniimtion^  of  the  vapour  density, 
g^ve  the  raoUr  weight  as   220,  jmd  lead,   therefore,  to  the 
!*jO^     It  18  iho  anhi/itride  of  /ihoifihormi)  adj,  for 

P.On  +  6H..0  -  4H,PO^. 

370    Hypoptiosphorous  Acid. — The  salt  of  this  acid  \&  formed 
{irilJi  hydnigeii  phosphide  by  the  action  of  caustic  sotJa  or  caustic 
Qfi  pliusphoniB  (p.  35S).     The  reitction  talcaa  place  :iccording 
I  the  niuatimi 

+P  ^  .iNaOH  +  3HjO  =  3NaP0jH.,  +  PH,. 

Silt  pro'luced  Is  found  iu  ihfl  solution.      For  thii>   piu'pdse  of 
ring  ihe  ucid,  barium  hydroxide  is  nseil ;   this  acts   in  a.  (pitto 
w«y,  ami  gives  rise  W  a  solution  of  barinm  liit^ff<hoxplnl':     The 
obuinml  pure  by  evaponuion  and  recrystallisalion,  and  is  then 
with  the  ro'iuisitc  Hmount  of  ^lulpbiirii?  acid.     From  the 
•olution.  the  free  acid  is  obtained  by  careful  evaporation  as  a 
mass,  which  raelu  at  17^,  and  h  very  «oltiblc  in,  water. 
Hypnphosph'iroiis  acid  has  the  composition  H.,PO^ ;  of  the  three 
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combining  wci;Klit'3  of  hjdrogtni,  however,  only  une  i-in  Ik;  rcipl 
metals,  so  Ihiit  the  ai'id  is  munolmsic.      Hy|iu|)hoMjihosii>n  liss  tha 
the  formula  POjH^'. 

In  its  other  reaetions,  hypophosphoroiis  acid  is  vctv  simil 
pLosphoroua  acid.  Like  it,  it  is  a  retluriiig  ngetit  trhicli  preci}: 
noltlfl  melfJs  from  their  solutions ;  also,  ou  being  healifd,  ii  ei 
hydrogen  phosphide,  ivhicli  i mined iatcly  igiiit«e. 

The  salts  are  almost,  all  solulile  in  iriLter,  so  that  mine  of  the 
Ije  used  for  the  idontJftL'atiori  of  the  mid. 

An  o-xygPH  compomid  of  pliosphonis,  \ihifh  would  corresijwrij 
a'ifiydridr  of  Uiis  <icid  and  would  hnvc  the  formula  P^O,  is  not 

371.  HypOphOBphoric   Acid.— In    the  acid   lii|iiid    wrhioh 
phorua  yields  on  hein^'  left  e.\]K)^ed  to  muiBt  air,  there  is  cont 
besides  phosphorJu  ;uid  phosphorou.'i  adds.  a.  compound  ivliicb  ie  n 
mediate  betweeci  these  two ;  thi&  is  «illed  h/fopfmi'jtlmnt  itriJ,  an 
the  composition   |-|^P„0„.     Ah  can  lie  seen  from  the  fonniihi.  h\ 
tatrabasic  ncid  ;  hypophoaphiin ion  hiis  the  formida  PoO,/'". 

The  acid  i&  ol>la.iiioJ  from  the  nbov*?  mixture  by  partly  nt'iiir 
it   with   caustic  «oda  and   allowing  to  4t6n<j  ;  the  acid  sodium^ 
Na.^H„P.,0|j  theTi  slowly  aeirarates  out,  and  this  is  coni"erteil  tiit 
apuringly  soluhle   Icfid   Siill  which   mm  he   decciniitosicd   by   mear 
snlphni'ic  .iciii  or  sulphuretted  liydrogcu. 

Hyiw|)]iy«p|iori<.'  acid  bflhuves,  in  gcnisral,  similarly  to  phospi 
iicid.  but  iis  rednting  properties  arc  less  pronounced.  On  Wing  he 
the  free  acid,  Uko  nil  the  lower  acide  of  pSiMphorus.  [mese^ 
phosphoric  acid,  with  siniultaneous  evolution  of  hyilrogen  phosf 
which  partEv  biirna  and  partly  daconiposes  into  hydrogen  and] 
phosphorus. 

37-'.   Lower  Oxides   of  Phosphorus— Various   inv&«i 

have    rcpcjit^dly    ]]rep;ired    substainTS    .-.iniilur   in    ap pi;; i ranee   to 
phojiphorufl,  and  have  daiined  them  to  bo  lower  oxides  of  pliospba 
Since  they  havt  ail  been  ohtainwl  aa  insoluble  and  non-volatile  resid 
their   purification  .iiid  fharactariiiation  are  diltienlL,  so  that,  ll  is 
doubtful  whether  one  is  di-idiri^  with  pure  MiubataTicea. 

37:1.  Sulphur  Compounds  of  Phoaphorua.^^Vhen  ^vhin^  ]il 
phorus  and  sidphur  are  brought  togtjther,  yellowiali  lii"|nide  are  nbtwrni] 
which  fume  in  the  air  and  are  readily  iiiflarniniil>le.  These  «*i.-refiiri 
long  time  regarded  aa  cnin]»undB  of  pbosphonia  with  sulphur,  Inilill 
has  byeii  found  that  they  are  only  solittitms  of  the  one  ek'int'Ui  imhl 
other.  Since  the  melting  point  of  every  solid  8iik'*tiincB  iw  lowi'rwl  bj' 
the  soltition  of  another  substance  in  it,  this  must  also  be  iho  case  wilk  1 
pho3]>horuB  when  sulphur  is  diasolved  in  it.  The  inipn-afiioii  tW 
ciiemieal  combination  had  biken  place  here  was  caused  oidy  hy  tli' 
ia.ct,  thai  the  melting  point  of  the  phosphuriis,  whi<;li,  for  thi! 
substance,  ia  44^,  is  hereby  doprcssad  to  below  room  lemperatur 
that  the  Bolut)oti»  com^Hiratiroly  rii-fa  in  nulphui'  remain  lifpiid. 
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tbe  two  elements,  however,  con'esponfliiii;  to  the 
.9  of  plioBphoni3|  are  nbLiined  by  Jitlowini;  tlieoi  u> 
m  one  another  at  a  nKHlenitc-ly  high  teaiperatiire.  With  white 
fifaonis  so  much  hejLt  is  ihereby  devolopeti  that  daiigermis  explo- 
n  occur ;  if  reil  phoaphorua,  which  containe  much  less  energy, 
■|ilcije«],   the  beitt  rlevelopment  is   corret^jiundiiigly   les^,  ami   l)ic 

c*n  b*  easily  kept  under  control. 
Tbm  two  RtibsUiices  are  tnixeJ  in  the  proportions  corresponding 
he  formula-  1\S.,  and  P,S.,  the  mixture  plitcud  in  a  glass  fliisk. 
the  Litier  hojiteil  at  out-  spot.  Combi iiiition  then  proceeds 
UjT,  \m  without  explosion,  through  the  whole  mass.  The  re- 
j  oompounct  ia,  at  first,  lii|md,  hut  soon  aolidities  to  ji  yellow- 
eryftUllind  mMa.  The  two  compounds  P..S;^  ai;d  P.jS^  can 
Bilj  be  distiiiguis1i(Ml  by  their  appeiinince.  The  yellow -grey 
»  clue  to  oonlamination  with  red  phortphonis  ;  the  pm'«  corn- 
are  yellow,  cr^'sta11in«  niajises  which  look  like  sulphur,  hut 
|>aler  in  c<.it<>ur. 

The  ooinjionoda  do  not  tjike  tire  spun taneon sly  in  the  air  ;  nn  being 
tl]r  bcdklcd,  they  burn  to  sulphur  dioxide  and  phojtphania  pentoxide. 
■Dell  of  sulphuretted  hydrogen,  becnnse  they  are  cor[vertei]  hy 
vmter  Tapour  in  iha  jiir  into  this  ^as  and  phosphoric  or  phosphoroua 
PJy._  -  SH,0  -  2H,P0^  +  5HA  They  act  similarEy  on  »:om- 
oniaining  liydroxyl,  and  convert  tlics**  into  tho  corresponding 
fair  ooBipounds. 

Btandos  these  fompounds,   there  aro  atill   two  other  sulphides  nf 
i^oru«.  the  conipositton  of  ■which  is  represented  by  the  formuhe 
i   PjS,,.     Th-ey    can   be    obtained    pure   by    melting   the    twii 
ltij;:ether    in   the    proper    proportions    and    distilling    under 
prasmire. 
/l  Doone  mixture  of  various  sulphides  of  pliosphorue  has  recently' 
tnad  for  tbe  manufa^'turc  of  mittches,  as  theso  suljatancea  do  oot 
Uie  pcrisonoua  action  of  white  phosphorus  (p.  H»!>). 
In  vivv  of  the  analDgous  oompnsitiou  nf  phosj)horu£  penlJisulphide 
«irn-sponrlin£  oxide,   it  may   be   asked   if  acids   cannot  be 
UitUi  tbe  sulphide,  as  can  be  done  in  th*  case  of  tbe  oxide.      It 
that  tiier-e  exists  a  whole  aeries  of  acitls  corresjjonding 
ids  of  phosphoros.  and  uontuining  sulphur  in  place  of 
pn.     They  are,  box-ever,  Tory  slightly  stable,  since  they  are  con- 
by   war.ftr    into    tbe    corresponding    oxygr-n   compounds,   with 
irtn  of  fiulphumtted   hydrn{;en.     \Vc  ahall,   therefore,  not  enter 
usMJon  of  these  compounds,  especially  a.^  similar  compounds. 
atAble  and  better  t barac tcrisBd,  are  met  with  in  tbii  taee  of 
will  lie  th(.'n  diacuBsi-d. 

bility,  howe^'er,  is  possessed  \>y  pfiinplwriis  avlphiy/il^'id'; 

inlpliur  compound  corresponding  to  pboaphoniK  oxycbloride.     This 

>  ih.*  coiti^^ition  PtjC'l,,.  and  ran  "he  oi»tained  l-y  beatitlg  phosphonia 


»78 


PRINCIf  TjES  Of  :\ni 


fulfilled.     Tn  the  ca.s*c   of  tJjc  J.,fi,.. 
•lone  : 

H_H:    Ul— CI  ;      I3r— JJi  :    I 
H—f;     I    -CI;      0=0;    s 
n— K— H  ;    H — So — H  ;     I ' 
CI   -0—0— II  ;  Cl— o^.o 

CI— S— S-Cl;     CI— S~(.l      ' 

0—0—0;       H — S— O     ! 
H— S— O— O — O  — O-    II 
H— O— O— S— ()— O-  II 
of  sulphiu',  Beleuiiiin,  auil  . 

P  =  1'      As     . , 

N  =  N;|       I    ,;    | 

P^I'       .\s        . 

On    th«    otiier    h:\i-'-- 
pounrls 

SCI,,  S,( 

and  mtuiy  othei>, 

Vanoua  attenifitn  \- 
chiefly    hy    iissiiiniri^' 
Thits,  the  above  ^itl):. 
referred  to  a  tctifu;:- 
compounds,  at  Wx'fl  >• 


■  '^-  -o  the  sam 

-H.O. 
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17  li.  General. — Carbon  is  one  of  the  most  important  elements  iii 
Bpect  both  of  the  vai'iety  ami  ■wide  distnLiition  of  its  conipouiida  and 
>f  tha  importance  wliich  those  havu  in  nature  Jts  well  as  in  the  aria, 
f  Allhoiigli  Qxygen,  hyOrogen,  and  nitrogen  are  never  f&iling  eonstitiienta 
tof  living  or  organiaed  atructurea,  still  farlroii  in  frequently  ciiUed  the 
tpr^rtir  /-lerii^ht  pur  exeeUmef^,  b^eaiise  it  ie  oti  the  coalmining  relations 
[Bxluliited  by  thia  element  ihat  the  diversity  of  tlie  substances  of  tlie 
'  organic  kingdom  mo^t  essentially  depends. 

iim  ihe  pre-eminent  importjince  of  carbon  ia  duo  not  only  to  its 
V>6ing  a  eonstituetit  of  the  aubstanc^ea  of  which  the  striicttirea  of  liying 
thin^  are  built  up,  bnt  much  more  to  its  beiiiy  tliu  expression  of  the 
supply  of  energy  which  is  ej:pended  in  ^^taL  action.  For  a  Mtnilar 
reoBon,  carbon  is  of  imporUince  in  the  arts,  for  by  far  the  greatest  ])art 
of  the  chemical  energy  which  ia  set  in  motion  for  the  accomplishment 
of  the  moat  diverEe  ends  ia  derived  from  the  chemical  tranBformations 
of  carbon. 

EhmfitliiTij  carhtm  occurs  in  three  diflercnt  forma,  which  exhibit 
relatifinshipa  to  one  another  similar  to  thoao  found  in  the  case  of 
sulphur  or  phosphorus.  It  exiats  in  two  crystalline  forme  and  also  in 
an  amorphous  state.  The  different  varieties  of  amorphoits  carbon 
are  usually,  but  probably  incorrectly,  clasaed  together  as  one  kind. 
Indeed,  there  are  irajjortant  reasons  for  thinking  that  there  are  several 
kinds  of  amorphous  carbun,  each  jxisHesaing  diSerent  properties,  but 
none  of  which  are  known  in  the  pure  state. 

Thiit  which  in  utllex.1  churcoal  is  amorpbuits  carbon   in  a  more  or 
less  pure  state.     On  heating  organic  substituecs,  e.fi.  aulistancea  derived 
from  organisms,  esi-cciaMy  |.>lant&,  and  COUtaitiing  carbon,  a  rQsiduo  of 
thia  element  is  generally  obtained,  whereas  the  other  elements  preeen 
especially  oxygen   and  hydrogen,  escape  in  the   form  of  wjiter  *nd 
lowsr  cjirbon  compounds  of   these  elements.      Moreover,   the   resii 
cOTiUitiE  any  non-volatile  substances  which  may  be  present,  aa  well 
residual    quantities    of   hydrogeii    and    oxygen,   which  are   largor 
amount  the  lower  the  temperature  r.f  carbonisation. 
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lu  the  chaircOiil  produced,  the  etnicture  of  the  material  can 
noses,   f.'j.  when  olt-iined   from   wotwl,   bo  recoyniBod  ;   wuckI  tl 
exhibits  every  cell  of   tho  wood,  well  pruserved.     Tliis  xs   due  U>l 
fact  that  At  the  tempeniturea  which  are  reiiched  under  these  coodit 
carbon  ia  an  tiij'i'dbk  ^fnlalurtci;      U  tlie  i^rigibiU  tnat^rijtl  has  also 
same  property  of  iiifuaibility,  as  ia  the  ume  with  the  j^uhstauce 
the  celWuUs   of  wood,   the   form   is  well  retained  oii   carboni 
In  other  cases,  where  the  ori^oal  material   liqitstieg  either  b^for 
duriLg  cftrbonisation,  ''.ij.  m  the  case  of  ntigar,  the  vbarcoat  wLicj 
obtained   has  the  api3eiirance  -of  a  mass  which  lias  heen  fused ; 
however,  is  due  ojily  to  the  fact  that  sugar,  not  carbon,  is  fiisihle. 

Su^ar  charcoal  is  Tniicli  imrer  than  wood  charcoal,  lietause  in 
the  presence  cai\  easily  be  avoided  of  non-volatile  impuntiea  which  i 
present  in  the  case  of  wood  chai'coal,  and  wliicL,  on   compIut« 
buation,  remain  heliiiid  as  ii  grey  powder,  ths  iish. 

So<i[  ia  a  atill  purer  fomi  of  cjirhon.  This  is  ohtxiTied  by 
combustion,  in  a  amall  anpply  of  itir,  of  volatile  compounds  of  cw 
and  hydrogen,  of  which  there  arc  a  large  number.  The  hydr 
then  tionibincd  with  the  oxygen  present,  and  the  carbon  is  dc| 
and  can  be  collcctctl  in  the  form  of  a  very  fine  and  light  pow 
Small  jpiantities  of  hyLlrogen  compounds  which  it  Btill  euiiraiiis 
usually  be  got  rid  of  by  i^iting  it  with  oxchision  of  nir. 

The  pi'opertiea  of  this  form  of  carbon   are  tho  Wfll-known 
colour,   »  small  density,   easy  combustibility,  amall  conductivity 
heat  and  electricity,  and  a  low  degroe  of  bardneas;. 

All  those  propertiea,  however,  cannot  be  stated  in  deliiiite  immli 
but  iire  found   to  vary  to  aome  extent,  and  that,  indeed,  in  the  follfl 
itig  way,     Thi'  higher  the  ten:ii)cratiiri;  to  wkicli  the  amoi-jtlions  carb 
W1L3  oxihisolJ,  and   the  longor  that  temperature  was  allowed  to  iicl 
the   carbon,   the  greater  are  the  density,   hardness,   conducliviiy 
heat  and  especially  for  electricity,  and  the  lesa  is  its  eombn^tihiiil 
At  the  same  time,  the  deep  black  colour  passes  into  a  grey  one  wit 
somewhat  melajlie  lustre. 

It  haa  not  yet  been  settled  whether  the  cause  of  these  changes  I 
that  the  small  particles  of  whicli  the  charcoal  consists  unite  togeth 
or  "sinter,"  at  the  high  tt^itperature  tu  lai'ger  jiarticlcs,  or  thai  the 
are  difffrtnt  forms  of  amorphous  carlioii  wliich  occur  mixed  together  i 
charcoal,  thfr  harder,  more  dense,  and  batter  conducting  of  which  fo 
are  increasingly  produced  at  higher  temperatures.  The  oieltiog 
of  charcoal  is  certainly  aa  high  iis  300(J'  or  3500',  tho  temperature 
tho  electric  arc,  Viiit  it  is  qnile  possible  that  the  general  propcrtr^ 
riiDorphuiis  aubataiices,  of  having  no  deiiuilti  melting  point,  is  pn^itui 
also  in.  this  case,  and  that,  therefore,  even  at  much  lower  t4>miieraliiirv 
an  incipient  softening  may  occur  which,  wyuld  letid  to  the  fomialionol 
larger  grains  by  tlie  calting  together  of  the  smaller.  In  this  wbj, 
the  above -montioned  changes  can  be  partially  explained.      It 
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ver,  especuilly  in  vk*w  of  ilit'  intrwuio  of  the  luirdiieas  ami  cmi- 
inilj.  itj  Ik;  fin-re  appropriate  tn  iosume  tSie  uxistenLe  ul'  sever'al 
«  nf  Amorphous  carlion,  whirh  differ  from  one  aiiotho!"  in  tiio 
describctL  Mid  wliiuti  in  varvitig  proportions  make  up  ottlmnry 
enl. 

Ontioo  Tvtaitis  the  solid  stulc  with   especial  obsbiiiHcy.     Only  at 

1wn|Mutiir(<  of  the  elcrtric  art;,  about   3~i00  ,  does  softening  and 

|ltlis»ti»n  iKt'ur.     Furtliw,  tlifru  is  acaruoly  a  solvent  vfhmh  dis- 

carlioii  to  any  great  extent.      Tlin  only  lielterTci town  one    i& 

nd  iTi>ii,  ill  whicJi  carbon  dissohos  to  the  extent  of  a  few  per  ctiiit 

RitDpanitiTely  high  temperalures,  and  from  which   it  sepirates  out 

tlic   metal   solidifies.      Under  these  cotiditiona,  Imwever,  carbon 

^K  Aut  ap{»ear  in  amorphous  form,  but  in   iiia  crystalline  form  of 

B^tW-.  vhicli  will  lif  described  later. 

TVhen  lieai*Ml  in  the  air,  carlion  umt«s  with  oxygen,  and  is  con- 
nti  ifit^i  (•irf'.n.  dUrriiU. 
Uiv  /'wMt/  ckaroMtl  occurring  in  nature,  such  as  anthrneite,  cmJ, 
I  tn>tn»  cwil,  consists,  it  is  true,  chiefly  of  cai-lmn,  but  it  »Uo 
Dbuns  hydrogen  and  oxygen  aloutr  with  entail  qiuiiitttieaof  nitrogen, 
Ijiliur,  jtitd  very  vftrjnn^  amounts  of  asii,  i.t.  niinoral  admixtuT-es  of 
kiuiU.  The  ditrertfnl  eurts  have  all  been  formed  in  a  similar  way 
wnod  charcoal,  viz,  from  the  remainfi  of  previous  vegetation  by  the 
wiilil  Lou  of  iht;  other  elements  and  the  formation  of  a  residue  of 
This  prueeaa  has,  however,  taken  place  at  a  low  temperawre 
idnqnired  very  long  periods  of  time.  This  process  of  carlxjnisatioii 
favf^TMsed  furthest  in  the  tyise  of  anthrncite,  which  contains  only 
iCstulU  4]uantities  of  hydrogen  :  not  ao  far  in  the  caae  of  ordinary 
I,  and  lo&st  of  all  in  the  case  of  lirotvn  coal,  Tiie  liittor  inibslauees 
uttot  lie  ref<nrded  as  carbon  in  the  strict  aeiiae ;  on  the  contmry, 
htf  cotuddt  of  derivatives,  of  complex  composstiim  and  ceruinly  very 
icti  in  carbon,  of  the  substancea  of  which  the  original  plant-structurea 
nra  built  tip,  or  of  mixtiu-e&of  snch  sulistanees  with  amorphous  carbon. 
Oi)  hestting  ordinary  cowl  with  exclusion  of  air,  the  hydrogen  h 
tnammi  tii  (he  form  of  carlmn  compounda.  This  process  is  cJUTJerl 
wt  ou  a  Urge  sciile  for  two  piirpoaea.  On  the  one  hand,  coul  rich 
D  hydrogen  is  subjected  to  heating  or  "dry  distillation,"  and  the 
cutiUiuing  L-arbon  which  are  pruitucud  are  colleeted  in  oi-der  to" 
Snwul,  niivr  purifieation.  for  ilhiminatin;^  or  heating  pnrjwsoa*.  This 
Mkuhcture  of  ••'oal  <i"S  playa  a  ^ery  im].>ortant  part,  since  gaseous  fuel 
wtmmt  imjwrtant  advantages  over  the  solid  or  liquid.  We  shall 
it^T  inf)  this  tnnre  fully  later. 
Or  thL'  other  hand,  coal  which  is  poor  in  hydrogen  is  also  subjected 
•listiUatioD  in  Ordef  VO  obtain  in  the  residues  cnrboji  which  is 
fn»e  from  hydrogen,  and  which  iu  many  cases,  especially  for 
iluri^cul  pur|X}S(.<B,  ia  tx>  be  preferred  to  coal  contiu'ning  hydrogen, 
coal  reudu«8  are  caJled  rake,  and  are  made  on  a  very  large  scale. 
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A  iK'int  which  is  of  eesentinl   iniportiknoe  here  is  that  tho 
portion  ot'th*  sulphur  present  ia  ituiovet!  in  tlic  carboiiisatiou,  sol 
ifi  this  respect  also  .1  puriticAliori  is  oftWted. 

iMl.    Adsorption    by    Charcoal.  —  The  porous  and  ecu 

(.■haracter   which  junorplxoiia  charciiml   freqiientiy  iissiirnes,   when 
(Iiiceil    from  (irgaiiic   atnictures   of  a  correspDiMlitu;  form,  diiveh 
[irupeity  M-hich  is  possessed,  indeed,  by  all  substances,  but  whi« 
ihia  case,  appciwrs  with  especial  distiuctness.     Tl»is  ia  the  power  \ 
scssed  by  porous  charcoal  of  aljeorbjiig  dissoived  and  gHsoQUS  sul 
from  mixlures,  and  an  fieeiiig   these  gua  mixtures  or  aulutions 
cei'tjun  components. 

If,  for  example,  win«,  litnius  aolution,  or  sJoiilar  colourctl  solus 
a,ra  shitkcn  vAth   finely  porous  uharcual  (the  most  suitable  Iwing 
cluirc/mJ,  obtaineil  by  cnrbuiiising  Ihohcb),  and  then  Altered,  the 
passes  through  the  (tiler  either  qnit-e  colourless,  or,  at  k'li&t,  cunsider 
lighter  in   colour.       Likewise,    troto   turbid,    impure,  or   pvil-anw 
water   there  is  ohtuined,   by  filtration  through  charcoiil,  I'lcar 
which   haa   lust  its   buiqU    eutirely   or   to  a  Urge  extent.      For 
purposes  of  puriHcutluii,  charcoiU  is  largely  ueeU  botli  in    the  arts 
id  the  lalioratory. 

TliG  processes  with  which  wa  urc  faer«  dealing  are  called  luL 
and  depund  on  tho  fact  that  at  ih^  surfiu;?  of  contact  botwi-en  n 
body  and  a  solution,  11  liitlerent  concentmtEon  of   the  iJissolvwl 
stance  ia  produced  from  thiit  in  the  interior  of  the  solution,      lit 
cases,  the  concentration   of  the  dissolved  Hubstaiico  at  such  boil 
surEaccfi  is  greater  than  in  the  rest  o£  the  solution,  but  the 
can  also  occur. 

The  cnuee  which  produces  lhi£  action  is  of  tlie  sume  kind  m  ! 
which  elTect-s  Krliiiiij.  The  Itouiidiny  surfnces  Iwtween  ililfM'pjil  Ik 
are,  ^cnerallj',  the  scat  of  a  peculiar  kind  of  energy  which  is 
siir/tvre  rua'gij.  The  phenomenji  of  surface  tcnRion  or  the  plienou 
of  capillarity  reprtaent  only  »  sioaU  portion  of  the  acticms  ->( 
energy :  indeed,  this  comes  into  operation  in  all  cases  where  iltfl 
bodies  cotne  loffether,  or  where  sytrfmts  cf  stfmn/lum  rtre  presenL 

If,  now,  certain  substances  have  the  property  ui  Iwcominj;  i4[» 
concentTftted  at  a  hounding  surface,  they  will  be  removed  irom  a.i 
'tiou  in  which  they  nro  present  when  such  hounding  surrioe* 
formed  in  the  sohition.  This  is  the  case  with  charcoal  and  the  ah 
mentioned  colouring  niatterB.  A  definite  equilibrium  is  e»tahlt* 
between  the  portion  in  the  solution  and  thnt  nb.^orb^d  on  the  chap 
the, greater  piirt  going  to  the  clmrcoal. 

This  action  depends,  in  the  firet  place,  on  the  nature  eii 
dissolved  6id>BUini:c,  hut  to  some  extent  also  on  tho  nature  of 
solid  body.  Substances  of  complex  composition  generally 
»  compiiratively  much  greater  extent,  the  pro]rcrty  of  becoming ' 
centrated   at  the  bounding  surfaces,  whereas  more  simple  Hit 
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nil   chiefly  in   iha  sotiition.     Since,    now,   most  of  the  coJouring 

itttsra   wbirh     »p|ie)ir   <is    univelcoiiie     compjinion    prodticla    in    the 

repamtiori  of  oTgnaio  subaliiiices  bive   ii  very  cuniplex   nature,  they 

'Mn  ^>e   fre([iieiilly  removed  from  the  aohitions  by  this  means.     The 

■lethai]  is  employed  with  very  good  reaiiltn,  for  example,  in  the  sugar 

sfineries,  in  unier  to  m  far  decolorise  the  dark  browu  beel  juito  that 

rhite  aiigar  tinn  lie  obUiinefi  from  it. 

The  siiiuf  holds  a.ha  for  the  malodorous  prodiiutB  of  decooipoaitiun 
|f  organic  hodios,  animal  uxuremeutal  mutter,  etc.,  which,  on  account 
thtiir  complex  iiuture,  are  also,  »a  a.  nile,  abundantly  abgorbed  by 
lai'conl. 

FinttUy,  what  has  just  hu^u  ^juid  holds  also  fur  gm  mixtui'os. 
also  comknse  to  .h  more-  or  loss  considerable  extent  on  the 
ffttea  of  solid  bodies,  and  again,  the  tnore  complex  imd  deosw 
es  do  so  g-enemlly  ranch  more  thiin  the  simple  and  light  ones, 
?ho  former  ciui,  therefore,  tilao  be  removed  more  or  less  completely 
pom  mixtures  with  the  other  gases. 

Since  the  action  tak^B  place  at  tht;  bounding  surfaw  between  the 
)lid  body  and  the  liijuid  or  the  gas.  it  is  proportional  to  the  aurfaco. 
IB  amount  which  1  sq.  cm.  of  surface  can  retain  in  ihis  way  is  very 
imall  ;  in  one  sfiecial  case  (that  of  ammonia  on  glaas)  it  liua  been 
I  found  equal  to  ;  •.(mVnTio^''  I?'"-  I"''-'  ^'1-  '^™-  Kvon  if  in  the  case  of 
I  other  substances  the  nunilter  can  become  ten  or  a  hundred  l.imee  as 
Igreat,  still  the  amounts  M-ith  which  we  are  here  dealing  are  always 
[axgcBtlingiy  smul!.  To  otiUun  meaflurable  Jiniounts,  therefore,  very 
ll^6  BUrfacea  must  be  employad ;  for  tlie  absorption  of  one  gram  of 
[ammonia  a  a<[iiare  liurfnce  i^f  50  metre  aide  is  necessary.  Seich  large 
I  surfaces  are  found  only  in  the  case  of  very  fine  powders,  or  of  very 
I  finely  cellular  titi-uctviieB. 

This  quality  is  possessed  by  bone  charcoal,  because  bones-  contain, 
besides  iha  orjpinit:  mnttcr  of  a  gluey  nature,  large  amounts-  of  calciiitii 
ahospliate.  On  carl»oni.><ation,  the  cellular  structure  is  very  completely 
served  by  aieAi»»  of  this  embedded  matter,  and  if  the  calcium 
phosphate  is  removed  by  Bolution  in  hydrochloric  acid,  a  fairly  pure 
charcoal  is  obtained  which  for  a  given  amount  of  substance  posaeasea 
an  exceedingly  large  surface,  and  therefore  exhibits  the  phciiomena.  of 
iibsorption  with  espe'.'i.d  distinct  itess. 

'  If  organic  substances,  r.g.  augur,  which  do  not  themselves  yield 
on  carbonisation  a  charcoal  with  largely  developed  surface,  be  miKwl 
vfith  calcium  phosphate  or  siinMar  infuiiible  and  readily  removable  salts, 
a  sti-ongly  absorbing  charcoal  ia  obtained  by  the  carbonisation  nf  such 
mixtures,  after  removal  of  the  admixed  substance.  In  this  case  1 
large  development  of  surface  has  been  aFtifieiiilly  caused,  and  with 
also,  the  corresponding  action  obtained. 

Another  nctioa  which   is  cotuteeted  with  the  one  jnst  describe^  ^ 
the  eatrtlifU'-  'tc'xi'm'lii'ii,  especially  of  gas  reactions,  which  ia  s*c©r^__.  1 
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by  subaUmces  with  litrf,'ely  dcvelopeil  surface.     Tims,  tht-  oxidA 
manj'  sulwUinCBs  by  ireu  oxygen  is  greatly  .'iceelerated  when  cl 
is   pi'caeiit,     LiltL-wisi;,  ynacs  whi<:h   iiiiiler  ^veu   conditious  act 
slowly  on  out  iiiQllier,  lmii  iw   mwie  to  act  more   quickly   wil 
belp  nf  cliai'coal.      In  ibese  cAsva,  bowevof,  thu  ai:tiijiis  wf  vh^rM 
greatly  surpassed  by  tLu  aiutluguus  liutioiis  uf  sjKJiigy  |>bil3iiiim. 

378,  Graphite. — I'mphitc  i»  a  cryntiilUii'-  fwim    of  carWD.| 
occui-a  in  nature  as  itlauk-gi'ey  raaBses  iiith  ii  feebly  luetnltic!  bistn 
cryetaUbes  iu  forois  beion^in^  lo  llic  hC'x»goiiivl  f-j^tetn  ;  it  w  U 
various  localities,  eapt'cially  in  Bohemia,  Cumberland,  and  .Silieria.. 
density   is  S'S-S.      It  is  distingiiiehed  fi^om  aniorpbous  carbon 
grt^ater  density,   its  tjowl  condtictivity  for  electricity,   htdI  the 
riitficulty  with  wliich  it  burns,      It  is  ponfliMe  to  etfe<--t  its  cumhii 
only  by  h«»ling  it  to  a  briyhl  red  Leal  in  a.  current  of  oxygon. 
Che  denser  and  better  coiiduct-ing  fomi:?  of  amorphous  carboii, 
dJatinyuished  by  its  very  low  degree  of  hardness.     This  circiii 
Tu&kf&   it    prohiibJf   that   amorphous  carbon  which   but   bt-^n  sir 
heated   and    has    thereby   become    h   conductor,   doea    not    owe 
property  to  the  formation  of  a  certain  amoiint  of  gruphite,  for 
tarbon  becomes  at  the  same  time  very  hard  and  floes  not  give  k 
streak  as  graphite  dues. 

Ctraphite  can   also  lie  obtained  iirH/uhtUy  \>y  iJlowing  cmW 
crystJillit^G  out  tToiii  /"u-W  m^l'ib.      It  lius  nlrwidy  Iwien  uientioiiHl 
this  is  betit  known   in   the  case   oC  imn,   but   tbere  are   nlhrr 
\vbieh  dissolve  giuuII   quantilifls  of  charcoal  whpn    lieated,  nmi 
which  the  lattur  separates  at  lower  temperatures  iu  a  crystallinei 
HE   gi-;iphilfl.      In  the  :irtB,  yrapiiite   is  prepared   by   bwiting  rl 
mixed  with  bme  to  a  high  temperature  for  a  long  tune  in  ibc  I'le 
furnace.     The   lime   C!italytic«.liy  accelerates  the   Irjinsfopmation 
graphite,    probably    by    giving    rise    tn    uii    iiileruiudialt'    tomi 
(calcium  cJirhide,  p.  411). 

Graphite,  also,  uius^t  he  divided  into  dirt'erent  groups  wiiich 
a  somewhat  different  behaviour.    It  lias,  howovtr,  not  yet  been 
whether  these  dift'ereacBK  may  not  jterhaps  be  due  only  to  mecha 
ilifferences,  tbt'  one  form  eonsistiug  of  iiiuHiUL-rable  lamiiiie  laid  fli 
topetlier,  while  the  other  furma  more  coherent  niMSses.     ^^'e  .'ball  b« 
ihi^refori',  refrain  from  entcriiifl;  on  a  discn^sion  of  ibesa  diffettfiicei. 

Gmphite  agrees  with  aitiorphous  carbon  in  its  rosietuiico  to  fuiicu 
and  volatilisation  at  comjiarutively  higb  r^niperatures.  It  id  ii«4' 
therefore,  for  making  livrihlr.t  ^vhicb  havt-  to  withstand  eainiciU^I 
high  tPui]Ji.'n»tureR.  and;  for  this  purpoBe  it  is  mixed  with  some  cinv  U 
act  as  bimliii^  material  and  tbeii  moulded.  The  eli^^hl  coinbnslihiUtt 
of  graphite  allows  of  sncli  crucibles  being  heated  without  special  pM 
cautious  even  in  the  air.  ' 

Some  further  applications  iif  graphit*  are  due  lo  its  proiwrtyw 
being  spht  into  tbiti  scales.     L"j't  {irwilfi  are  iBftde  trom  in't'phit 
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'"'infi   liHely  jiow ili'i-etl,   and.  by   admijttute  willl  clay  or  oUier 

_    tH.^kUfrijii,   foniK*!!    into   t.hi]   well-ikiiown   thin  rods,  to  w}iich 

-   iin[»til«d   lay  slight  tiring.      According   to  the  amount  of 

■'■^•d,  the  jjciifil  has  varying  liuiiiue&s. 

>j>hit)?  is  lued  its  a  lnl/rin»ii[,  and  this  als.i>  de|M!uds  on 

:ii:L-^i-utiori  into  ^uioulh  hciUims.     TIicso  till  ii|i  luiy  iiiii'Vt^Ei- 

.■:    riilibiiij;   sarfaL'es   and    quickly    form   a   sniuiiT.h    cuatirtg, 

16   on   en^y   gliiitiij^.     Whure  it   can   be  a]iplied,   gruphite 

.vanLagL-  nvei   gr*ase  of  \mug  iiiM'UBitive  to  diU'eriiiiti'g  nf 

'-'    DiainOIld.— A   second    crjstalliiitt    form   of    cjuhoii    is    the 

■  1.      In  voijtnidi.stiDctiQT]    Lo  the   Iwo  other  forme,  diitiuond  ia 

'  Aiid  culoui'less,  Iml  jiKsaesscs  the  power  of  ulrmtug  refnic- 

.:-|H-r!.iuii,  sg  Uint,  when  cut  into  regwiar  forms,  it  exlidjite  & 

:':r-nibl«  histrt'  And  [day  nf  truhinrs,  lo  which  ila  uae  as  a  gem   iit 

Tli»t  it  lOnaiHU  of  [jtii'c  I'lirboii   is  s.-isii   from  iho   fact  thftt  it 

:•  (111  cumhuHiioii  carhun  dioAidt^,  iind   this  also  in  exactly  the 

?pjrtions  as  any  other  (orni  of  pure  cn-rbon. 

[)ml  crysLtltises  in  the  regular  sysU-m  chiefly  in  ot^taheJnt, 

ofWD   exhibit   eomrwbut  rounded   edgee.      lU  density   is   S-b. 

upeny  which  is  luosL  iiii|Kii'tuiit  for  its  a|ipLicutions  is  its  )^r<.'iil 

III  this  rQS|iet;i  it  is  .^iiperiur  to  nil  other  uatumlly  oci-nrriiig 

■III]  8-Uii  Ut  most  of  tho»i-  that  cun  fie  artihcially  |>re]»ired. 

•1  for  cutting  giAti«,  for  drille  for  working  in   iuirtj   rock,   for 

itocd   for  litniiiig  vi-iy   hiird  ^itt'el   «nd    emery  discs,   ^tr.      A 

Llj   nXdtiug  diac  of  tin  Jilatc  or   of  cofiji^r   intd  whti?h  diiimonti 

bftTe  been  pressed,  cms  gla&&  otid  uther  harrl  suhstaciceB  with 

•  Accwtltng  as   it  is  dtsir^^d  Ui  usu  the  liiamund  for  wviViny  on  or 

•edtutf  gU«,  ditfurcjiilly  funiiud  pit^cus  must  hv  used.     For  wriLuijj, 

any  point  tiuvy  ht<  used  which  when  ]>rop6rly  hehl  will  bcra|>c 

L«|>linittr«  from  the  surface  of  tfac  glass,  and  aecordirug  to  tlie  ^harji- 

\iai  the  point  unil   tliL^  pressiu'c  emijioyuil,  th«   hneftt  liui'i^  can  hi; 

■vfL      Kor  (-lining   ghi^,  th«  diamond    nitist  h»ve  a   chiaol-»ha|>ed 

,  wliirh  will  clravc  tlie  glindb ;  aiich  a  diamond  cubs,  tliviefort.*,  only 

I  oM  definite  pn&itiun,  and  must  Ite  held  accordingly. 

IHMDdniU  iH.-cur  rather  rarely  in  naturo,  bo  that  their  pricu  is  high, 

or  onifiml  |tn.-ji:inilii)ii  biA  recently  lie^cn  »iK'cea»iliil,  bnt  lias  us  yet 

unty  miciotici>|iii.'iilly  email  crystals.      Dirtiuonda  are  ohluineH 

[•kii^  iron  which  cnnUiin*^  mailion  and  nlluwing  this  lo  fall  in  Mnall 

tato  water.  HO  that  it  h  suddenly  cooled.     If  thi-   iron   le 

ilvod.  a  Htnall  (jiiiiiiLily  of  a  crytitull ine  dimt  is  left  Aihose 

jr*   hnnittew,    resistance   to  the  action  nf   cbttnical    ageOU,  and 

tliun  on   berating,   show   it  to  lie   Lompcised    of  diamond.       In 

100   sui;ii    aitilicial    dminoiide    are    eliown    as    eeeu    under    the 

Jim. 
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Pill.  1I>U. 


Althmigh  the  pme  diamond  ib  colourless,  diamonda  of  all 
colours,  especiiiUj  je'Uow,  uiid  from  hrown  to   Ijlack,  uccni  iii  in 
Tlie  lattor,  which  have  tn»  Viiliie  as  gems,  are  useil  for  Lechnical  pur 
The  L'oloiirs  are  due  in  impuritieB,  especially  orgatue  80li8t;ini'es. 
As  regards  Ihc  mutual  Btability-relationii  of  thest.-  (liHerenlfu 

carbon,  we  pos^ss  a&  yt 
exact  knowledge,  i</t 
LraiisJlions  take  place 
with  Biich  enufssive  sloi 
that  it  is  hardly 
follow  tbem  cxpcnml 
The  following  lias  bcew  i 
Hflh^d  with  some  <ie 
certainty. 

Amorpboua  carbon 
he    regarded    as     the 
stable ;  it  cci'ut-.'ti»&  the  | 
anioimt   of   energy.     Graphite   must,   vi-ry   probably,  bi-   i-ej^ard« 
the  most  stable  ut  comparatively  high  temperaturea.     The 
this  Ib,  especially,  that  at  very  high  tempemtiires  diamond  pnacnl 
graphite.       Acpordingly,   diamond    would,   with    respect   to   sb 
stand  in  the  middle. 

However,  i\&  is  known,  the  relative  stability  of  different  fo 
the  same  substance  depends  very  much  on   the  temjjeratiire, 
ia,   ihereforie,  not  admiesible  to  directly  draw  oonj^lusione   afi  tO-J 
relations  at  ordinary  temperatures  From  those  exiatiug  at  3000^ 

380.  Oomponnds  with  Osygen. — Carlion  forma  twc  oxidw^l 
comhinins  wci^dil.  >if  I'arhon  btjttig  idile  ti>  unite  with  one  or  with] 
cumbintng  weights  of  oxygen.  Thi?  aeeond  of  these  eompoiindB  ia 
far  the  mare  important. 

f.'ariion  ilvuid';  COj,  ia  n  gas  witli  the  normal  weight  44; 
colourleas,  has  a  feeble  but  distinct  taste  and  smell,  and  dis 
fairly  readily  in  watar.  At  room  tem|ieratura,  water  abAorhs 
an  eq^ual  volume  of  the  gaa  With  changeR  of  preaauiv  and  tcni| 
ture,  uarbun  dioxide;  shows  appreciable  deviatiotie  from  the  simplalj 
laws  ;  by  increase  of  pressure  it  can  be  readily  liquefied.  In 
following  table  the  vapour  pressures  of  carbon  dioxiile  are  gil 
these  are  equal  tu  the  preasiirea  which  must  jitst  be  exceeded 
order  that  the  gus  may  piiss  into  a  liquid. 


I^^_                                  Teiii]>.'nu.rv. 

Prejaan. 

T«ii>|iefktutv. 

PrivniirL                ^^H 

^^h 

t  '00  atm. 

-Id 

LJt;-7«  atiii.          ^1 

^^^^_ 

2-08    „ 

0- 

35-40    „          *-^M 

^^^^K 

sm  „ 

■HO* 

46-Ofr                  ^1 

^^^H 

duo   „ 

♦  20* 

98-U    ..            ^H 

^^^H 

10 -as  „ 

-lao' 

7«-64 :,     ■ 

^^^H 

IS -IS    „ 

+  81* 

7fi-Gft    „  ^^H 

^^^H 

lifflS    „ 

^ 

As  caa  be  aeeti  from  this  laMe,  ike  -.rtsi.urt  :■:  ■.;.:. ;v:*.-:-'v.  %:  '>' ■ 
equl  to  35  atm.  ;  at  -  i^O  the  pr*i*i:re  of  :  i;r^,"-.s  *.;**;,>;•.:.  ;;>. 
Vr  to  Jiqut:^  the  gas.  The  criik-a]  ;*ni:vr»:-.;Ttf  ;*  ;>'.  .  :V.;!i  :#  ;U<- 
it  up  t«  nhich  tlie  conversion  <..l'  tiie  jjas  :m  s  '.iouivi  cati  'v  .••\'.:*\i 

pRCgiire. 

391.  The  Critical  Phenomena. — ^iiuv  ii  wa$  in  \\w  i.'Im>  «( 
»n  dioxitle  that  the  critical  phenomena  wore  lii-si  .lis.\'\or('il  in 
ar  mutual  connection,  it  will  lie  aiipropriale  to  .iisfHss  thorn  movi' 
Hj  M  this  point.     This  will  l)e  best  done  with  ilio  help  o(  ji  iliiiiiunn 
HresentJDg  the  relation  oi prtitsHn-  anti  ritlnw. 

In  Fig.  101  the  volumes  are  mcasui'od  to  the  rijjlit  uml  iln- 
Hures  upwards.  For  every  tempeiatuitf  thorn  will  tlu-ii  ln'  n  liin' 
Bch  will  represent  the  corresponding  values  of  pivNsiiri'  iiml  vuliiiiiiv 
.  therefore,  any  definite  temperature  is  tjikvii,  tlii'iv  will  i-<iiTt'M)«iiiil 
bleach  pressure  a  definite  volume,  and  rU-v  i;r.tit  .■  uU  tlur  I'liiii-Mpund 
pi  values  of  thes.:  will  he  represented  hy  a  i-oiinwliiijj  linn,  wliiili  ii 
■Ucd  an  is^heno,  because  it  is  a  line  of  constant  U!nltH'nlllll'l^ 
P  For  Jiquids.  the  isotherms  have  the  followinj;  ftinn.  If  Ui'- 
^tWBUre  weighing  on  a  liquid  be  chanfjed,  the  vohinit:  chaiiycM  in  lln' 
'^posite  sense,  but  only  to  a  very  small  amount,  Ix^tMUMir  tin-  cumjiriw 
Aility  of  lii^uids  is  very  small.  If,  theii-fore,  in  th.:  idiovn  iii-iiii'iii''l 
diipam,  we  measure  the  volunMr:<  to  the  rifrht  and  tin;  \,i-  ■nr.-:- 
^iwards,  we  obtain  an  almost  perjiendi'-ular  line,  nifK:':  aim'.".!  i'l'u'j'  :'l 
TClnnu*  correspond  to  vvry  diflfcrent  \T>-^.riir<:'i,  and  tin;  i-ni,'t.  n,- 1<- 
fcr^  lie  almost  exactly  under  on*.' an'ith>:r.  '>n  a/;iroiirif.  '.f  'In:  ■■;.;•!' 
iKKase  of  volume  with  diminii^hiiig  pn.-iiiir';,  th';  i-:'>'h'ffi-  i-.-  ..'...'->■. 
■cKnes  slightly  to  the  ri^ht.  if  we  {'.IWa  :•  ii'.ui  a-,-/.':  -;■./.;, ■/.%..■■.' 
Ait  is,  in  the  <iireiti'.n  of  smaller  \,:^.::  .:•■■  \;.  Y .:_  .':.  '•'• 
Marked  13-1    shows  on  the  lef:  v.V-\,  *  ....':  .-,•-'.'::.-•. 

At  a  definite  iDinimat  pr*-*.*" : -i.  ■  :;•.  ..■  --ri-.r.*  v.    ■■;  ■  -■ 

the  li(|aid.     If  w*   now  ai::e:ri_fr.    -..,    :  .-,:.^;   .,''■■    '..-.^    ■.•■■■^.■■ 
niereaaing  the  volom*.  we 'ipj  n-r.  •~:.-x:-v..  :   '  ■■■.■.';.?    >  ;■ 

•od  the  presvure  re-ijit*  '».>  •.'•j-.^'  ;•"!■   :.'.-  "■^■■-  k-.   .■■   '.-.  ■  /  ■■   ■ 
eoiutant.    A  line  r?i'r>H«scirij  ■y-c..''^.\'  :■'■.'-  .  •.  <■    ■     '■< ' ,'  ' . 
H  a  nonzfiiit't!  In^  :;,  -;:;r  ■iiajc^~       f  -''  '  ''■  -' 

aod  vapour,  till- i^>:i-:na  y,  rh-^r^r  '"^    ,  -...■■.-.• 
ponion  of  ii*-  bj-  ',Zl    ■.',  f;;-,  ;  .  -<  ■■' 

volume,   all  ihe  ':j.-M   nnoTiT   ■^i.:'-'-*   •■      •■■■  '  '  ■ 

prer^ni.     So  bo-jl  w -.i.-,  ;rten;"t.  '.m    ;<■?•■-••   •  ;-■ 

voIuiDr-increawt.  :.!:;  V,  I  mr^vi     i*'-.-'    -■    - 
The  vajRiur  ftirmti:  :'-,iJ;wj    inr.r--:  .ii-  ■"  '  ■"■     ' 

ronst.,  and  the  iit:r.iKrai  la  nrjr^'ivin:.":     ■■     •    ■■  '     '      '    ' 
a  Fig.  It.  p.  77.  ;c  I  iTTJMrriflia.      "  -.i-  ■'      ■■' 

31=  in  Fig,  It: 

If  now  we  ujjTi;;  -je  «aie  ;:in(.j(!'*-   - 
i^r  tOBsmni-t  T>!  ma7.  r;,!  iiAsi'i    "  '         ' '"' 
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wotJ  for  word.  The  difference  wliicli  exists  cuiisisu  in  tbe  btHL 
the  rolumeft  of  the  liquid,  on  account  of  the  higber  letnpentiBlLl 
mther  greater  than  preWousty,  under  the  same   prDBsores  -   tbe  In 

ieothenn,     tbere/ow. 
to  the    right   of   iht 
^•ioUs  one.       Fnrtlwi;] 
rapour,  on  aocoiinl  <i| 
*»ighor     temperature. 
pears  a.t  a  greater  ]_ 
the  horizon  UU  purtinn  fli 
the     isotherm,     th««fM^I 


WJ 


M 


W 


•J 


»a 


u 


»UiTU      liigher     up    Ihal 
Ijreviougly.       Finally.  tk| 
liquid   entirely  evwp 
111  a  smaller  vohime. 
even  if  vn  accoaot  U 
higher     temperature    lb] 
vapour  ahoiUd   have. 
t;iven  pressure,  a 
density,  still    the 
of     tho    vapour     pr 
l.y   whic'i    the   volwnw  5^ 
diminished,     amounu   lM\ 
much  more,  ap<l  the 
result    is    a     conside 
diminution  of  the  voln 
of     the      vapour, 
form  for  Bucb  an  mttLtm , 
at    a    higher   temixr 
is  represented  in  Fig,  li 
hy   the   curve    marked   with    2I']  ,    in   wbtch   the   al>ove    raeniio 
(Lifferfliices.  from  the  Iwwer  iflothorm  for  13-1 '  can  be  seen. 

The  higher,  now,  Uig  temperature  is  taken,  the  nearer  do  the 
ends  (ti  tile  horizontal  atraigbt  lines  come  together, * t>,  the  leea  do  _. 
volumes  w  llw  densities  of  the  liquid  and  of  the  vapour  differ  from 
one  another.     On  the  iMtlierm  'JIV  the  two  finally  coiue  togetheri 
thii  ]>oLni  K.  '•_ 

The  meaning  of  this  ie  that  in  the  point  Iv.  tkr  tfensitus  u/  Jiqit^ 
and  tii/iuiir  hnvg  heajiiu  ei/iml,  and  since,  apart  from  this,  the  ^ompoci- 
tion  and  ch<-mic»l  nature  are  the  same,  the  two  atntes  become  com- 
pletely ide-nli'-iil.  At.  this  point,  tlie  miiml  jmiril,  therefore,  tit* 
distinction  "between  liquid  and  vajxiur  disappears. 

At  still  highr-r  temperatures  the  isutherms,  of  which  there  arc  »ttll 
some  in  the  diagram,  have   t)u   horizouUil  middle  poition  lint  are  mii-^ 
tinuous.      Herr,  afcoyiiiiujlii,  t/ir  jihenumena^f  litpiffiutimi  and  ^nit 
are  no  bngtT  possible,  and  all  cha»iQ<s  oj  sfn^  tukc  phce  contitnttmdy. 


Pjq.  101. 


CAEBON 
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it  the  proximity  of  liie  criikai  point  umkea  itselt  still  avident  in  the 
urea  of  the  isothciius,  as  ia  clcarlj  ahowii  in  the  iaotherms  32  5° 
3.n-5' ;  at  if^-i',  however,  these;  have  also  disappeared,  ami  the 
thi^riua  lio  longer  differ  eaaentially  fnim  tUuae  of  a  gaa.  Tlie  corre- 
ndirj;  isotherniB  for  fiir  ara  inserted  to  the  right  at  the  top  of  tha 
lagraiD  ;  theB«  shovf  thnt  carbon  dio:(idc„  under  the  high  preseiiraa 
ployed,  deviiites  from  the  gas  laws  in  such  a  way  that  the  vnlumoa 
considerably  smaller  than  in  tlio  i;&se  of  a  perfect  gas. 
The  region  lenclospd  by  the  curved,  dotted  line,  in  which  the  hori- 
ntalg  repreSflfttitig  the  gtjites  liquid  pltte  vapour  lie.  e«n  he  i^alled  the 
'gion  of  }tfi'TiigrM-oiis  xlatrs,  since  in  it  two  phases  ^ire  preeerit. 
Everywhere  else,  th^ro  is  011I3' <;»«  phaae  preaent:  at  the  left  edge, 
liquid  ;  at  the  right,  vapour.  The  diagram  shows  that  ultore  tlir  critiml 
point  llir.^F  li)k'  I'ifUr  ygiviut  im  cfliiiinuowili/  cunni'dfil  wit/i  "ne.  timlJifr, 
In  other  words,  it  must  hu  possible  to  convert  a  liquid  into  a  vapour 
or  a  vapour  into  a  liquid  without  the  one  ever  being  observed  to 
■efmrate  from  the  other,  or  without,  liijuid  ever  visibly  passing  into 
■vapour,  or  i-io'  i^t-rs/'. 

To  perform  this,  carbon  dioxide  ia,  we  shall  auppoHC.  firet  compreBamd 
:at  a  low  teniporatui'e,  bo  that  it  is  completely  convort«i!  into  a  H']>ud. 
One  tluis  coiameiices  with  a  point  which  lies  to  the  left  of  the  region 
of  heterogeneous  states.  If,  now,  the  pressure  is  always  maintained 
high  enough  so  as  to  remain  in  this  region,  and  the  temperature  lie 
raitieil  iilvive  31']",  we  jdway«  remain  to  the  left  of  the  central  field 
but  reiiiih  a  point  higher  than  the  point  K.  If  the  preasure  is  nOw 
dirainiehed,  while  the  temperature  is  maintaineil  above  the  critiral 
Value,  we  pass  to  the  right  along  otie  of  the  isotherrae.  Ou  this 
isotherm  the  pressure  c»n  he  diniiiitBhed  to  any  deaired  extent^  and  the 
tempornture  abo  c-an  bo  allowed  to  fall ;  so  long  as  one  avoids  cOmllig 
into  the  hrlf.rfsgr.jmfm  rc.<ji'rn.,  the  carbon  dioxide  ia  undoubtedly  in  the 
g(t.-irijus  state,  a  fact  of  whith  otie  can  c&nvince  oneself  by  reducing  the 
pressure  to  that  of  the  atmosphere  and  opening  the  vessel. 

Similarly,  just  as  along  a  path  above  the  point  K,  a  lii/uid  can  he 
converted  continuously  into  a  fnpunr  or  a  ija-'^  without  vapour  ever 
milking  its  appearance  along  with  it,  do  it  is  possible  to  convert  a  gas 
continunuslj  into  a  liquid  n-iHi-nrt  ir  arjnrniliini  iif  Uijiiid  rm  hrfimiiiiy 
ri-'iUr.  For  that  purpose,  it  is  only  necessary  to  raise  the  temperature 
above  tlie  critical  value,  and  the  giia  can  then  be  minpreased  without 
its  liquefying..  Above  the  pressure  corresponding  to  the  point  K,  or 
the  critical  pressure,  the  temperature  can  be  lowered  below  3I-|  .  If 
the  pressure  be  now  diminished,  it  is  found  that  the  suhsWiiCB  exisM 
in  the  liquid  Btate. 

The  critical   iM)int   K   is  characterised  bv  three  magnitud 
rriiio'l  t'-uijicrafitrc,  or  the  temjiorature  of  the   isotherm  in  whi 
and  \'apoLn-  become  identical  ;    the    rrilimf   /rnxmiy.    coireapoi 
this  j  anil  the  n'itirttt  Muim    or  the  -^fitiail  dcimt'j.     The  V». 
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are  the  values  o£  the  preaaure  and  volurao,  or  denstty,  at  ilio  poii 
They  are  ohtsined  Irani  ihe  diagram  by  rending  off  the  corrcap 
diatancea  on  the  axes  yf  pleasure  nnd  volume.     Thus,  thti  cn'ticAl 
sure  of  carbon  dioxide  is  found   to  be  ahniit.  7t>  »Liii,      The  crit 
vohinie  lias  to  be  referred  to  some  dt-Hiiite  -|U!tntiry  of  siihsUuico ; 
one  mole,  or  44  gm.  carbon  dioxiije,  it  iiinounta  to  112  cc. 

Threi*   such    critical   constants   l>elong   to    every  pure   Biibs 
AVhercas  the  critical  teniijorauircs  are  to  be  found   ranging  fnmi ! 
loweftt  to  thp  liigliest  temperatures,  the  critical  iiresunr^s  nu'vt'  wit 
fiiirlj  nurriiw  limit*,  between   20  and    100  atmospheres,    which 
exceed  only  in  ignite  exceptional  casfis.     The   critical  vuIiiiikjh  of 
mole  are  also  not  very  diHicrent ;  like  the  other  miical  conetanlA  tt 
increase  with  thy  molar  weight  of  the  respective  substances,  and 
from  10  to  some  hundred  ciilii<;  centimetrcB, 

:i»i'.  Liquid  Carbon  Dioxide. — On  aecoiint  of  the  moili 

preesure  b)'  which  c.T.rlji.in  diosirle  can  Iw  lii[iii?tied,  even  st  lh«  ■•nlua 
tetnperatui-e,   this    sulwtttin-'c    is    now  pliu'cd   on   the  in.ii'ket.  in  Ii 
t|iiaritilies  in  the  lii|uid  form.      For  this  pnrpose,  the   ;;as   is  [mc 
into   iron   eyliriilcra  (Fig.   M,    p.    104),  which   are    kept   cool,  si 
tlierelij  coJivLn-ted  into  the  liiiuid  state.     The  starting  material,  asi 
dioxide  gas,   occnra   abiindnTitly  in   various    localities.       Eei^ciiillj" 
districts  wlieru  volcanic  activity,  previous  or  fxiatiiig,  can  lie  n-  ■ 
copious  streums  of  cftrboii  dioxide  are  freijoeiitly  found  escap. 
fissures  in  tiie  cartli,  and  this  gas  Is  suitable  (or  lioingdirwlly  h(|iielWri 
In  'ierniany,   such  sources  of  carbon  dioxida  exist,  espL-Lially  in  lit 
Ji^ifel  district.  jj 

If  liipiid  carlxin  dinxide  lie  allowed  to  Btream  out  into  the  air.  p«B 
of  it  immediately  evapomtes.  So  nutcli  heat  is  thereby  wilWnrt 
from  the  remainder  that  its  temperature  sinks  hdlow  the  jwiiii.  * 
solid ifieati on  of  carbon  dioxide,  and  thf  latter  soli'Ulies  in  lh«  Icna'M 
a  n-liice  snow.  By  allowing  the  liquid  In  stream  into  a  hag  nf  cKweljr 
woven  clo-tb,  the  "carbonic  B'cid  snow''  can  be  Hitered  off,  the  Milidj 
remaining  in  the  bag  while  the  gaseoue  portion  escapes  tiaroiigfi  tM 
fabric,  ] 

The  solid  dioxide  is  used  chiefly  for  producing  low  it'm|)rmtuniij 
For  this  purpose  it  is  mixed  with  ether,  which  fitill  rcmniiis  lir^iiiri  .it  il» 
lenii>era[ure  produced,  and  a  paste  is  thus  obinined  whose  t^mj'i'nitmt 
is  -  SO'.  lu  a  space  pumped  as-s'acuous  as  possible,  ibe  t^-mperatWAiJ 
this  freezing  mixtcire  einks,  in  coTigei[uence  of  the  uccoleruted  eMxixO; 
tion,  ti>   -  100'.  ;  J 

383.  Solution  in  Water. — In  water,  tarbon  dioxid.^  dieenlretll 
accordance  with  the  law  of  Henry  (p.  274).  The  ai[Uooua  Boli)ljoiila| 
an  aciduloiia  tii^te  and  causes  a  prickling  sensation.  The  n-rrwhlni 
taete  of  spring  water  is  prodtieed  essentially  by  the  preaeiin?  ol  cartM 
dioxide,  which  is  present  in  abundance  in  most  nultiml  water*, 
passes  into  these  from  the  aoil,  where  it  is  being  i^onat&iitly  tlrvn 
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,  ihfc  slow  combustion  of  the  organiu  aubatanees  by  the  (.ixygeii  of  the 
t>iuc«  III*  Silt unition  Willi   tliis  gas  Una  tiikeii  place  at  »  low  teni- 
inich    waters  nm  jjenerilly   siijiersatiiral-eil,  ami    wlien   tliej 
M  wanner  by  atoikdlEi^  in  ihu  uii,  the  gun  alowly  iurtm  bubbles 
liko  walls  of  the  veas»l».      This  furiuH.iiuii  of  Ijiibblos  in  water  con- 
png  <=vrlK>D  tlioxiJe  is  regarded   as  h  sign  of  *  palatabl*  tlriiikiug 
U  'if  tourse  gives  iio  security  against  thtj  ]ires*Tice  of  i>thci- 
nf  a  hnrml'iil  iLitiiio. 
W*ter  in  u-hidi  i.':irl;>o]i   dioxide  is  dissolved  in  somewhat  larger 
It*  (re"|uently  oLTurs  in  nutare,  and  is  used,  as  fitrmtd  or  mncti! 
for  medicinal   purposes  or  aa  n  lieverai;e.      I.iirge  (iiiiuititiea  iif 
Krtifidnll)'  salitrftt^d  with  oarboa  dioxidi^  iiiidi;!*  thi?!  pri^smit'd  of 
t«>i  to  ihn-f  nliiiospheres  an-  prcpured,  mid  are  used,  with  atWi- 
I  of  turiotia  salt«,  foe  the  game  purp(>se&. 

Lii|uids  conui tii  11)^  carbon  dioxide  ate  also pi-odi iced  in  th<-  t't^itucu- 
lit  »«tliiti(iri=  coiilainifig  siiga.f.      In  ihis  pi-iK;*;?*  the  augsir  dwoni- 
imo  'Ufftluii  and  air/juti  dirixidf,   aitd    In    ctTtiiin  lii|uida  of    this 
r^g.   \iver  Aiid  Hprnkting  wiiiu,  tliu  Icriuentation  itt  L-ondiicted  in 
■  w»T  that  the  carbon  dioxide  duos  not  tBcapc.  but  remains  dis- 
1,  in  larger  nr  fltjiidler  innoiuits,  in  ihi-  lirjuid. 
Fur  tlic  piepiinitiiin  of  aemted  liiinida,  the  gas  va^  formerly  cliiofly 
fn»m    iialtii-allj'    occurring    compounds,    llio  cai'lioiiates,   by 
lol  jH-itlfl.      At  the  present  time,  liijiiid  c;irbon  dioxide  is  chiefly 
^•i),  Iwiiif;  muniifactured  in  Inrge  (ju&iilitiej!  and   placed  on  the 
kt  a  very  Inw  prire. 
384,  Carbonic  Acid.— Th<f  solution  of  carbon  dioxide  reat-ts  foebly 
to  libDiua,  the  coionrin};  sutietance   heiiij;  rendered  not  hn<iht  rnf 
ioaly  wmr  rt^.     This,  however,  is   Qsaontiftlly  dne  to  tlie  sDiall  eon- 
ian  olituiDt^d    in   iMjiieuiin  sijlnLirin&  of  the  g«a  under  oi\Hiiiiiy 
If  the  amniitit  disauhed  is  increased  hy  using  bighi:r  prcs- 
s  solution  IB  obtaiDod  whiuh  also  ^ives  the  ordinary  bright  red 
with  lit  in  I  IS. 
I'l  Ibc  u'juci.'UG  solution,  therefore,  there  is  mi  ii.<:\d  preeonl,  und 
■It.'   is   Ui   be   looked  upon  as   tht»  anliydrido  of  this  ucid. 
I-  ar<f  the  «tmc  »s  in   the  cas-.'  of    sulphurous  acid  ;    the 
buIa  of  carlwinic  acid  is   HXO,p  and  it  decomposes  with   extreme 
lirwsi  ttitc  water  uid  thu^  anhydride  CO,,  caHioti  dioxide  or  du'bonic 
iod  uihydride:. 

'"iit-jftii:  «i.-id  is  a  Ji7.(i.*jV- irfi'/ with   very  8lif;htly  developi-dl  acid 
.*»      l.ikc  the  dUmaic  acids  iii  |renBra.l,  it  forms  two  atrlxmiitm, 
■it  m'Oj'  nnd  the   /(Vftlent  t'Oj".     Sin-je  ^veti  the  priwogs 
I        Hl_'<l,'  takes   plfico    ouly  to   &  very   slight   fxtenl.    the 
«ug«  of  dissociiitiod,  HCOj'  =  H'  -^  COj',  is,  for  most  pnrpioes, 
— -"'iv   Miniill.     In   aqueous  solution,  therefore,  the   monovulent 
'■nuwl  by  preference,  and  to  this  son)*  of  the  chBractenstic 
he  c(vrbnnat«0  nre  due. 
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The  mils  nj  rurl'uuir  wcw/,  or  the  mi'iiunales,  arc  mostly  vcrv  diffic 
sohilile  ill  wnter;  nnly  tlioav  iif   Uie  alkali   metals  foriu  an  c\eef 
and  art'-  fusWy  suliible.      Tlir  hitlar  rcHCt  fi\ir\y  strongly  n-lkulirif, 
from  the  teiideiR-y  of  the  ion  l-'O^"  to  iuteract  with  water  ami  pas* 
IICO^'  (CO3"  +  ILjO  =  HCOs'  +  Oil'),  II  certain  amount  of  hydroiid 
is   pnxlnced,  whtTuliy  the   alkalirie   reaction   is  effscted.      Qn  nddi^ 
tjf  acids,  ull  carbonates  evolve  cu-rbun  dioxide.     Carbonic  »vid  is 
foroied,  but  this  c.111  exist  in  Hr|iiL^nu8  solution  only  m  a  i^inall  ft 
iiriii  mostly  decttmpttaes  into  the  mihydride  and  wtiter  :   H^f'Oj  =  CC 
H„0.     Since  uirbonic  »i;id  is.  as  lias  just  beer  nientiiinod,  a  vory  f« 
ucid,   this  I'caL'tioti   is   brought  iibotit  nho  by  other   wt-ak   aciil 
the  power  of  expelling  €11111011  dioxide  from  farTtonatwa  cun  hIbki 
Conaiilered  iis  ■■*■  cbar.-»qt eristic  of  the  acids, 

385.  The  "  Oirculation "  of  Carbon. — In  nature,  citrbomc  < 
and  the  carbonates  occur  in  very  lar^e  iju&ntities.  The  air  »l» 
contains  carbon  dioxide,  the  hriouhL  of  whicli  vari«  sompwhai, 
places  wiKTf.  there  is  no  ai>ecial  svuive  nf  the  gag  present,  the  aniv 
is  about  -jij-j-jth  of  the  volume  of  the  air.  This  n.mouiit  is  iQcre 
by  organic  t'espi rntiou  and  comhustioti  proc«sses  of  all  Icind^  ;  Adde 
this,  there  lire  also  coiiaidorable  anioimta  of  ciirbon  dioxide  deril 
from  volcauic  action. 

All   orgaiiiRins   nuke   up  for  the  wa^le    necessary   fur   tliisir  vB 
activity  by  the  consumption  of  '•Jt?i/iini!  energy,  whicht  f'-T  'h-e  gr 
part,   is  the  furrf}!/  of  Ihf  luidaflmi   of  mrhon.     Whereaa   .iiiiiii.il? 
thoBQ  plants  which  do  not  contain  chlorophyll  can  carry  out  l\\v  ox 
tion  only  of  already  existing  carlwju  uoni|H)uniIs.  and   live   from  tin 
the  green  pliLUts  cxa  iilso  carry  out   the   opp^isitc   process;   thf^ 
litcnjiijiose  rarhtrii  dioj-'iflr   into  niilwi  ('ir  a/mjxtiiii<is  of  airlftn)  und 
/•Tijfffii.      For  this  II  ironsiderable  expenditure  of  energy  is  iiece 
and  this  tlie  grcpii  pl.iula  durivo  from   tjje  nidiiint  energy  of  sufJtj 
They  theruhy  atort*   up  not   only  the   supply  of   energ_v  which 
reiiuire  lor  thoir  own    life,  hut  tht^y  alao   yiehl  the  supply  of  ene 
whicli  is  used  by  ull   the  other  orgaiiirinia  and  which  these  tftko  upi 
the  form  u(  i'ooii.     By  the  oxiilatiim  oC  thin  cnrbfiiiiiceoiis  food,  tiretl 
all  the  herbivorous  and   then  indirectly  tliioiigh  tbf  medium  of  ihfl 
the  caniivorouH  iinimnis  obtain  their  vital  cnergj'. 

By  means  of  the  oxid«tio(i  in  resjurHtion,  the  carlion  a^iin  reu 
to  tlio  air  as  carbon  dioxide,  and  a  " dfcultitiim  of  cai-bmi"  is  produO 
by  which  the  mutual  preservation  of  thp  vegetable  and  animal  kingdo 
appears  to  bo  Saatiiigly  a-ssiired.  However,  for  thia  i-nd,  >b  ia  not  I 
conservation  of  tlu-  'whrm  that  is  the  real  problem  here  ;  the  pileJ 
wirbon  ia  only  to  eHcct  th«  transport  of  the  f-tririi  with  which  it' 
associated,  which  is  the  es»tential  thing,  tn  fact,  cortJiin  urganisim 
are  known,  e.ij.  the  sulphur  bacteria,  which  obtain  their  vital  eiiiTj^' 
not  from  the  oxidation  of  carbon  compounds  hut  by  ((uite  different 
chemical    reactions.      There   are,    therefore,    organtBms   wbicli  do  iiot 
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re  KBy  earbot  for  this  purjxise  ;  no  organism,  however,  is  con- 
ible  which  would  not  re(|uire  lo  tiave  J'icr  rrm-iji/  at  its  (Jis])naat  in 
tn  exhibit  any  kinil  of  vit^tl  :iotivity. 
far,  now,  as  our  kuDwleil^;*  extends,  jim  riuJi  n/rlf  exisls  fitr 
Here  tt  is  a  caes  of  a  ciirreril  (lowing  in  one  directtun,  which 
out  from  the  sun  on  to  the  earth,  where  it  is  iwirtly  mr>l  w/j  ami 
y^  ttor*d  wf)  by  ibe  pLintit.  The  EU)i|tIiee  storu'l  ii]i  by  thi^  |iliints 
lor  the  grcatfret  purt  fitrthor  iisfil  u|i  liy  the  olkinr  or^'iiiii^ms.  but  a 
part  is  jiresprved  as  lo^sil  tomliiiatiblu  nuiLci'ial  jind  sei'vea  in 
tttaes  ut  the  trntet  importjmt  source  of  enar^zy  in  the  iiifiustnal  Hfe 
TbKL  th«  (rioe  Bneig^'  which  is  ilerivn)  from  the  swn  nnd 
in  Uiifl  w&y  is  tiiiAlly  useA  up,  will  byniiy  process  be  again  tniulfl 
kble,  we  hnvt-  mi  sij;ii ;  on  the  tonti'an,',  from  lh«  experiijnto 
has  been  ^iineii  witli  the  terrestrial  i-rocessee,  it  is  lo  he 
tts  probable  thul  siioh  a.  revera*  process,  uorreapon<hni;  lo  the 
iia  ttcrw  of  a  stream  uphill,  is  not  possilile  (p,  135).  It  is, 
lore,  of  essential  interest  for  the  j lei-nianm t  nuiin tenancy  of  life 
i  1m^«  n  portion  jis  possible  of  tiie  rudinnt  energy  of  the  snn 
be  hruii^bt  iiiln  the  i^tomhle  Tbrm  of  chEuiiitpnl  ^iior^y.  Riid  that, 
KB  large  a  ^urt  as  p<i»sible  of  tbo  uarth's  eurface  l>e  covered 
plants.  As-  is  well  known,  f,'rejit  improvements  in  this 
sji«ct  are  still  pc>ssible. 

U  line  considers  thiit,  as  alreaily  iiiention&d,  the  anioLints  of  energy 
hoi  in  the  industries  uro  also  duiived  for  the  most  part  from  the 
Intnira)  eiiprgy  of  carlMJii.  namely,  in  so  fsir  as  llii-y  ar«  obtained  by 
k  combusti'in  of  coal  ov  other  foitsil  fuel,  we  see  that  thi^  element  is, 
I  fwt,  along  with  nxygBn,  the  tnnsl  impnrUnt  carrier  of  chemical 
'iOKy^itide<'ii,  of  any  energy  whatever.  It  would  he  incorrect  10 
laigiuie  Girb(in  alone  as  the  ciirrier.  The  quantities  of  energy  in 
ntrtion  Itccoine  free  only  by  eomhttsfioii,  it.  when  tin*  carbon  com- 
nwi  with  oxygen,  and  we  must  not  nssitrt  that  the  energy  was 
OifA  solely  ill  the  one  or  otliur  element.  In  other  words,  we  are 
with  tin?  energy  eijinilion 

•mifcf  ihia,  «vA  iiiemlwr  is  of  n^val  importance.  Only,  the  carlion 
»««lily  apjHMira  lo  he  ilie  sole  ciinier  oi  the  enetfO'  because  tlie  oxygen 
|i£cnen(Ily  acreasible  in  the  uir  and  does  nut,  therefore.  re<piirfl  to  be 
iportilly  jHypare'l  aud  bought.  If  the  plants  did  not  sepai-ate  the 
uy^'-n  in  the  ^'iiwous  form  Init  sx  a.  solid  compound  nch  in  oxygen, 
tt  ialter  would  he  juat  m  necessary  for  thi>  consofvatjon  of  life  and 
V  hrating  of  steam  engines,  as  the  solid  cnrhon  componiids;  it,  also, 

kd^^^eoneuraeil  by  animals,  and  would   also  be  collected  by  man 

HmBon  the  market. 

^SS^TPhe  CombJmng  Weight  of  Carbon  has  been  determined 
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by   toTiibiistion   t/i  cnrhon   dioxide.      The   latter  tan   bo    coinptt 
retained   by  a  conceatrateti   sobition   of  caustic   potnsh    or   soda 
weighed.     If,  therefore,  the  carbon   is  weigSiefl,  and   also   the 
apparatus  iMfori'  ami  iittuT  ihf?  exjiei'iinent,  we  ciin  aeeertain  how 
uarbnii  dioxide  haa  been  formed  l»y  the  couilinstioii,  and,  Ijv  dtll'crfin 
•     how  much  oxyyen  has  combined  witb  the  icarlidii,      In  ihis  way, 
timorplious  chfirtoal  ii.'i  well  na  gvapblt'^   iind   di&mond   have   bv«ii| 
vostigatod  ;   with  all  three,  eKactly  the  same  ratio  hii>4  bevii  oblAiB 
so  that  the  differt-nt  qutiTititiaa  of  energy  preaiMnt  in  the  different  fo 
of  carbon  exerl  no  influeniie  on   the  combining  weiylit.     The   tiiiil 
result  of  the  deterraiiuitiocie  Wiw  that  exactly  I'l'iiO  of   carlran 
with  two  eombining  woighis  (  -  S'2)  of  oxygon,  ho  fhnt  we  luive  t 

c=iiioa 

-J      387.  Detection  of  Carbonic  Acid. — Although  carbon  die 
on  being  dissolved  in  water  yields  oidy  very  feebly  acid  soUltion 
reftdily  fonns  siilts  with  dissolved   buses;  it  is,  therefore,  ra[iidl)n 
completely  absorbed   by  aoliitions  of  these.     This  behaviour  w 
use   of   for   Uie  deteiition    and    quantitative  deteraiiniuiitui  of 
dioxide  {r.^.  in  the  air),  and  those  bnses  more  especially  Are  einpit 
which   form   insoluble  carbonates.       Most  frequently  tbt^re  Is  us 
solution  of  liniO  w  cakiuni  hydroxide,  Ca{OH),>,  wbit'i  forms  withl 
dibfLsic  curbunit:  acid  the  salt  CaCC)^,  or  calcium   carlxinatp.     Thi 
preoipitiitoii  fruiii  the  solution  in  the  form  o)  ;i  whito  ]H>wder,  un 
means  of  it  siumU  ([uy.iitilies  of  carbonic  acid  can  bo  delected. 

The  formation  of  this  white  precipitnte  is  »;ulSci^nt  fur  tbo  ijll 
tative    proof    of    the   prest-nce    of   carb<inic    acid.      If  a   i]U»iitit 
dftt^rmi nation  htw  to  be  ninde,  a  measured  volume  of  tho  lime  snhiiifl 
(lime  water),  the  strerigth  of  which   Ii;ls  been  determined  by  til.rwtinn 
with  an  ucid  (p.  li!i<>),  is  takfii,  ami  sflor  the  reaction  has  '^ccnrrM  iln 
prei;i|»itate  is  allowed   to  settle,  and  the  amount  of  lime  reniainimii 
determined  in  a  meiieiired  |iortioi}  of  the  clear  li4]uid ;  the  differena 
n  nieasnrc  of  i,he  carbon  dioside  absorbed. 

^xx.  Derivatives  of  Carboaic  Acid.— Although  carbonic 

itself  i."*  not  Icrmivn,  ihorc  exist  not  only  a  large  number  of  aalu  wl 
contain  cnrbiLnicm,  but  alan  componnda  fnniied  by  th«  i-eplAC«niB 
ita  ki/timjyh  .  more  C3peci;dly.  the  (■hlorid€!s  .and  ftmides  of  lairbonic 
are  linown,  some  of  which  are  of  very  great  importance. 

If  cnrlranic  acid  i.)c  written   as  s   hyclroxyl  compound,  ihoTv' 
po!!S.ib]e,  on  aecoutit  of  the   presentio  of  two  hydroxyls,  lw6  chlori 
and  two  amides,  exactly   as  wo  found   in   the  caae  of  sidi^hnric 
(jK    305).      Hcpresonled    sehomatically,  we   have    the  following 
pounds : — 
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thwe  Bulkatances  nre  known,  some,  however,  onlv  in   tUe  f^'ortu  of 

rariMt;  njytfiloritlr,  fOClj,  or  rarbtmyl  chhridi'.  (tite  reniJuft  (,'<J 
rIIM  rjirfumyl),  is  [H'oduceii  directly  from  ciirlioii  niuiioxifJe  (p.  399) 
'ii-  mixing  iheae  two  gases  in  einmi  propoi'tiona  uiikI 
._:.._,,  L_  innlighu  Here,  lis  in  niauy  othtji'  cases,  the  atlioii  of 
is  very  aiftrkeiUy  accelemted  hy  the  itidiieiice  t.if  %ht  To 
ia  alio  rluB  the  name  "  phosgene  gjw "  for  carKonyl  cliloridD. 
BH,  however,  the  coniponnd  is  also  formed  without  the  aid  of  light, 
ire  not  dealing  hure  with  the  camiminiciitiuti  of  ii  iiei^esaiiry  eiierjry, 
urn  the  CASH  of  the  reduoCioti  of  cnihoii  dinxido  in  ibe  i^reen  plants 
l|i  394 1,  but  mei'ely  tvith  a  cn,se  of  imrlrin/i'iii .  the  lij^ht  acts 
vtaiyliotJli/. 

1q  defect  uf  sunlight,  charcoal  can  ulao  hv  \tSK-il  ws  uttiilyaer ;  com- 
liaiUon  likewise  tukee  placa,  espeeially  on  pfi!isin<i  thi!  gusouU!^  niixtnre 
«tr  aiiinia)  cbarconl. 

Hw-  rpaclion  occurs   in  iiceardmict'  with   the  Bpmtiori  (.'O  +  t'l.  = 
tWl;     That   is  lo  eay,  one  volunm  of  tJich  of   the  tuo  cumpoiienlfl. 
must  t>j  futm  <jue  voliimi:  of  the  {.'ompoitnd. 

tWIxni  oxychloriile  Je  a  colourless  gus  M'itli  it  »ut)\>cutitig  odour, 
ud  oui  be  nwlily  ]ii]ii^fied  by  means  nf  a  ftveziiig  nii^ctiti'a :  it  hoilB, 
BBiltf  kLtuoepbrric  pn-^urt-,  at  ■+  i^\ 

l^bun  cixvL'hloride  Itehaves  chemically  iis  a  true  auid  uhloriJe,  It 
» 'lecompoeeil  hy  water,  forming  carl)oiiit  ntid  2ind  hydrochloric  add, 
ml  111-  ammoDin  with  fnnnutiooi  of  ammnninni  chliiride  ami  the  aintdo 

K04iic  ncii)  (rw/i-  in/fa). 
tfirti  chloride  of  carhoriic  ndd.  or  chlorocarbuiiit  :ind,  L'l(."UUIl, 
i»  nin^Iy  c«lle<l  chloroformic  acidi,  sincp  the   eorTes|>oiidiiig_Ji^:iJroyeii 
owpuund,  the  mi'ijolicuiit!  acid  HO(MJH,  ia  cftll5d-^6rm;Q.i«qiid>  j 
■w  bowa  in  Uie  free  stiil-e,  but  only  as  h  cnj^tftami  of  mwre  wmj 
aiopouiidi) ,  (hirse  bplon^   to  orgauic  tbcnystty,   ami   ivill,  th,ertioi-e,' 


n^S*  u-cjited  in  detail  licfe, 
.185.  Amides  of  CarbonicAcid. — As 

tfir  imid*  (if  earlio/iU-  acul  is    fuiine'd  Fiy 


i. 


ftClion  M 


ftlrcAi 


en 


NHsTitftinef!. 
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a  arniiduiee  witfa  the  geneml   reactiou  mb 
nun  CXI,  -  4NH,  ^  CO(NH,)^  .  2NH.CI.     Th« 
B  bt  sepaniai  by  treaEment  with  ajcobol,  in  wiai] 
th»«iniiiB,  bttk  oat  tit*  kmnooium  chloride,  ia  soluble,  and  the  carbon 
«r  miinmmit,   a  obtained  u   white    crystAU    wlikh  ml 
,«ail  Wve  >  codiafiaDd  eoiuewhiit  bitUir  taste. 
r,  uttl  tb«ir  aqueous  solution  does  not 


TW  MB*  «hMUC»  b  formed   in   the   bodies  of    the    Tcaini 
MfHttiUT  ibr  «njv«%  ts  the  fitiAl  product  of  the  metabolism  of 

wWk  iif  nrntained  ld  th«  food  and  ransumeri  in  vit^l  actim<. 
Wffmat  dia»lTed  in  the  watery  excretion^  tlie  urinr 
«f  «W  canuToni,  after  being  contentinted,  it  mnfljr 
itKnctfy;  from  thit  uf  the  ommvora,  tepecially  of  niAu,  it 
W  iihuiitl  in  this  simple  way.  since  its  erystjillisalinn  u 
I  kuMliKvd  bt  ihtf  ^rmam  of  other  BubatancM.  To  the  coucenlrawd 
ilbt«nt  >V>M|F  mane  mud  ia  added  ;  a  difficultly  soluble  compomifi  n 
llfeiw  lunMd  «ludl  «iy»taJlis«s  i>ut,  .ind  from  wliich  the  substatipe  an 
pV*  waiter  (tteuBalkifMiirerting  the?  nitric  iicid  iiilo  a  sail  bv  anv  in 
}(toMM  it»  MnufVBM  in  oriMv  th«  comfiound  is  usually  called  ur^r 

A«  aMsit  «f  Ckr^onk  acid,  urea  luu  the  property  of   passing,  br 

r^uMhtiutMUi  wilk   wmWr,   into    the    nmmiftitum    salt    u/  forbimic  ikW. 

I  -  3R,0'=(Sll^ljC0y      At  the  ordiniwy  temperature  tWi 

. Bo.ii.^-  ■--.  «wwfctifly  slow;  at   100",  however,   appreciable  aoiotiutf 

adftOKKutuM  rartajxiAtc  are  formed  in  an  aijiieous  aoluiion  of  ant, 

tf  mM  H  addfd,  the  trann^^famiMtoti  pi-oceeds  still   mot-e  tjuicklv. 

acid   boing  evolvi-d,  and  (he  loneaponding  aninioniiiiii 

im  soluuoii.     Stnmy  bases  have  a  similar  action,     lii 

•n  present  orgiuitc  (-mDpouniJs  [>oa&es&jiig  tl]«  ixrvcr 

■Jalytw  acnlaration.  hut  of  nnkuuwii  composition,  called  ftrwtnt- 

ttk.     tVteo  bave   bMn   funued   by   tlie   schizomjcetes    wbic-li 

I  W  iW  urtM^  and  b:>.ve  the  power  of  acceleratiug  this  n1«j*>rii- 

<at  ^nktt  by  awa,  ev^ti   in   nt^utral  solution.     Sometimes  such 

imsenl   ui   the    Madder  of    the   living  orgiuiisni  ;    tb< 

MMUMtWHl  <*rbo»»»  then  formed    has   n  corroeire    action   oei    the 

ui]{«HnBk  aud  caa  cmuc  very  severe  IHeicss. 

(.V  MN-v*li«  yl  it*  twcurrviieo  in  the  animal  orga^iism,   iirea  nt 

1 1,   <  ■  cb   tbo  mfuaie  enm^Hmnds   before    its    simple    nlntion    ta 

v  -  vii  biwl  b#«»  disoovert'd.     Sine*  llie  organic  compounds  vrere 

igmmvAf  rif|p>>l!ded  m  being  produced  under  the  influence  of  a  special 

(mw.  Alt  viT^J  fonts  '1'*  nciioiis  of  whieh,  it  wjis  a^iimbd,  goul<J  nul 

-iii»  the  organism,  n  ^reat  Bennation  vrtis   causcrl   whpR. 

■hler  discovered  a  method  of  proparing  iir^a  lu-tificiallja 

'\  I  ibw  lnuiafi)rmation  whieli  tlic  amnimiium  salt  of  cvKiii 

tUMiM  iu  »iu«iua  solution,  and   ivill   lie  describ^sd  sotuewhi 
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first  '*  syrithcais  "  of  mii  orgimic  compound  was  followed   Inter 
iieraMe  (>t.liers,  miii  nlihim^Ii  l«y  no  nnja-ns  jill  llm  eompiounils 
-r  in   anima,lB  amJ  |>laiits  ha,vB  as  yet  been  arliticiaUy  pre- 
in  the  work  wbiL'li  has  l^een  i.lirected  cowaniis  this  curl,  no 
vtf  tias  been  encoiiulercd  wliieh  m;ikoa  it  improliable  lluit,  on 
">-juj;b  investigation,  it  will   be  poi^dble  to  artiliL'ially  prepure 
bb«  «oastiruents  of  ihe  or^iiisitis. 

NH. 
The  oth«r  ftfntde  oi  c^arboinc  ftcid  baa  th«  formula  CO         ;  it  U, 

OH 
t«Ktfe,  an  Hvid,  %nd  is  called  rarUunic  acid. 

Carlianiir  acid  itself  is  nut  kiiuwi].  Its  suits,  the  earkiniates,  ara 
dfWiAd  wh^o  ammoniji  and  carbon  dioxidi;  come  together  in  presence 
Tlius,  the  c&kiiim  salt  is  obljiitneil  by  addling  ainmoniit  to 
Emm  hydroxide  iviid  paaaing  liai-bon  dioxide  iritc  the  rnixture. 
calcium  carinimnte.  Ch(Oi.'ONH^).__„  is  soluble  i[i  water,  while 
eiani  carbonate  is  not,  the  for)naiioii  of  it  sniiible  calciitni  ^t  in 
ft>lm«G  arcumstances  is  u  pi-ooi  of  the  formation  of  the  new  salt. 
Tha  iitantaaium  iutt  o(  carliamie  acid  is  formed  as  ii  white  cryatal- 
I  MKM  on  bringing  amnionic  nnd  e^rbon  dio:(ide  together.  This 
[  bs  carriml  out  diro<^tly  witii  the  two  gn^ea,  or,  mnr^  convtsniL'titly, 
ato  {wssed  into  anhydrous  alcohol,  in  whiuh  die  aniiuoniuuL 
soon  separates  uiil. 
In  accordanre  with  the  formula  of  the  acid,  tlie  composition  of  the 
rilw^ven  by  the  (ornmla  NHjOCONH^.  If  wo  wi-itc  the  aummed 
itRnnU  we  oltlain  CO„N.,H,;,  '-c.  the  sum  of  one  mole  cariion  dioxids 
ad  t*a  w-»les  ammonia.  Tliis  is  the  (■xplanation  why  the  wdt  ean  be 
(jBTO«(  ilii->-«-t.lv  by  the  union  of  the  two  gasca, 

i'.e.H,  the  raTham.ites,  even  in  aqueous  solution,  are  fikirly 
;  ly  when  the  solution  linb  an  alkaline  reai'tion.     If,  how- 

nw,  liie  ]ii(tii(l  h  acidilied,  an  ammontum  salt  is  formed  and  cariion 
ttwtitla  u  tibcmted.  Thie  reaction  i.-t  re]fri;acntcil  by  the  equniion 
OtySH,'  '  H"  =  COu  •  NH;,,  which  sIiowk  that  uarbamsc  ocid  caii  ihiks 
'ftrntlr  into  amniotiia  iiiiil  liiibun  dio.tidc. 

IS'i   Carbon   Monoxide. —When  coal  is  burned  in  a  reatrirted 

f   air.  a  giis   is    [orin*:d   w!n"eh   can  burn   in   the  fiir   with  a 

■!ii!   bine  Hame,  forming  carbon  dioxide.     This  ph4?uomen€in 

'■ell  in  a  <^oal   firy,      When  most  of  the  hydrogen  cOinpfHUuds 

,■■--"1  a.i»«  beun  hurneil,  and  the  coal  has  become  quite  incandescent, 

lie  Oil  lying  at  the  foot  of  the  f?Tite  which  tomes  into  contact  with 

ibeatehng  air,  bnniK,  it  is   true,  to  carbon  dioxide,  Viut  this  gns.  on 

fMog  thruagli  the  upper  layer  of  j^lowini;  Coal  if,  in  actordnncL-  with 

"ii  niUBliun   CO..  •  C-  !2('{l,  rwlnced   Ui   the  compuund   Ctt,   which 

''^v^wiitfi  th«  above   cotubiiitibl«   gas.     At   the    top  of  the  glowing 

^vr,  whi>r«>  abnmlancu  of  air  can  a^in  find  access,  the  gas  bums  to 

^oait  witfa  iho  abovc-meiitioT)«d  bine  flame. 
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This   Lonipuimd,    therefore,   can    >te   obtained    liy    pjissing 
ilioxitle  ovar  sUongly  !iea.ted  charcoal.     Since  in   this  proct-ss 
tinci'gy  is  taken  iip,  thia  must  be  cominuniotted  front  witboiit,  >.r. 
tube  must  be  strongly  heated.      If  the  issuing  gas  is  passed  tlimiif 
solution  of  cauatii;  soda,  the  carbon  Jitixido  which  rcmuiiis  uiitle 
pOBeil   is   absorbed,   and   the   residue   is  pure  carbon  motioxi'l?. 
order  thai   this   reaction  may   take  plaice,   the   t^inpornture   niiislj 
above  700'.     At  lower  temperitiireB,  carbon  monoxide  psiswes.  into  I 
diojfkk-  with  separation  of  carljon. 

(.Virboii  monoxide  is  si  tolourlesB  gas  with   the  molar  weifjlit 
it  must,  therefote,  biiTQ  the  formula  GO.     The  demsily  is  «<iUftl  t<>  i 
of  nitrogen,  and  most  of  the  physical  properties  of  the  two  ei|D 
(Um-i  gas^a  cilsi>  show  close  agreement.     Thus,  the  i-ntical  lUAgnit 
are : — 

(.'srlwD  DioiiDiidlr.  Mlnc'*'- 

CHtica)  tempcrfttnra         ...      - 140"  -  146' 

CriticsL  [iTe&Hure      ....  SV  iiLiu.  3&  fttuL 


Critical  moIotiiUr  volunif 


103  00. 


The  solubility  of  the  two  gastis  in  water  is  also  e<|ually  emolL 

Of   the   special   properties  of    carbon    monoxide,    its  jmimmin 
should  be  mflntionod,  which,  in  certain  circumstancoa,  nial(t>s  it  a  ' 
djiugerous  sulwlaiict.     This  depends  on  the  fact  that  ihe  gns  am 
bine  to  form  :i  very  sUnb!'.'  compound  with  htemoj;hjbi]i,  the  cole 
matter  of  the  red  blootl  eorpnsclea.     Now,  haemoglobin  ha^  the  fiinc 
of  taking  up  the  oxygen  inspired  into  the  lungs  and  of  convojin 
through  the  blood  canals  to  the  paru  of  the  body  where,  by  it«  iixt^ 
ing  action  on  the  diH'erenE  lidanei^  and   their  constituents,  it  niatnu 
vital  iu'tivity.     But  if  the  lui-niDglobin  combines  with  carbon  nionoxi 
it  loses  the  power  of  taking  Hfi  oxygen,  and  precisely  the  «iine  «fl 
supi^rvene  as  on  auH'ncatiuii. 

Such  eaaes  of  carlxin  monoxide  poisoning  easily  occur  wheii 
hunted  in  a  stove  which  has  lui  inautticient  outlet,  or  if  this  oullcl* 
cloaad.  Kvery  year  such  cases  of  ]>oisoniiig  occur  through  closing  I 
9tove  rej^stcr  too  soon.  Carbon  monoxide  poisoning  may  iil»o ' 
ouca.'.ioned  by  coal  gua,  which,  mi  un  average,  containa  0"1  of  its  vtilu 
iif  carbon  monoxide.  Certtiin  kinda  of  gas  which  are  obtained  liy 
action  of  steam  on  hoalud  charcoal  (wntcr  gas)  contain  much 
carlion  monoxide,  and  their  iise  in  daily  life  is^  therefore,  not  wit 
objection, 

•  Thu  presence  of  carbon  monoxide  can  ba  detected  by  the  1 
that  it  is  so  readily  absorbed  by  hiBmoglobiu.  If  the  gas  to 
invtistigated  is  jhij^sed  into  u  solution  of  the  colouring  matter  of 
blootl,  the  presence  of  carbon  monoxide  is  6.howii  by  the  appejirano 
two  charsctenatic  bands  in  tho  abeorption  spectrum  of  the  colon 
mattar.  These,  it  ia  true,  appear  similar  to  those  prodiUMtil  by  ox) 
but  they  can  be  distinguished  from  the  latter  by  llio  fact  that 
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lAdilltion  of  re<luciiig  agents  (cif.   sodium   su1{>hide)  they  do  not  dia- 

f  appear,  wlierens  the  oxygen  Imiids  lIil 
With  oxygen,  wirljoa  luuiioxide   burns  to   dioxide  io   accordancB 
witli  llie  equation  iCO  1  0,  =  ^C0,     Two  Tolumes,  iharefore,  of  the 
monoxida  unite  with  one  vohimt!  i>f  oxygen  to  yield  two  volumes  of 
carbun  dif>xide,  and  in  tlnia  respect  the  relalicma  corresjiond  exactly  to 
thoiie  of  cleloriiLtiiig  gu3  ohlaired  from   hydro^'eu  und  oxygen.     With 
i^    oxygeu   or  air,  tarljon  monoxide   alsti  yields  -a  "detonating   giia "  or 
exjil-u.BJve  mixture,  which,  however,  burns  much  less  violently  thau  the 
I  former. 

This  is  not  iu  any  way  duo  to  a  smaller  development  of  Ileal,  the 
leat  of  combiution  being  in  both  cases  adraoBt  exactly  tha.  same,  for 
[it  amounts  to  2S4  l.j  for  one  inolo  of  carbon  monoxidt;,  and  '2ii6  kj 
for  one  rai)le  hydrogen.  The  cause  is  that  the  rehcilf/  with  which 
the  process  of  comliualion  is  propagated  in  the  ex]>losive  mixture, 
is  much  Rinuller  in  the  case  of  the  cuiboa  motiuxide  and  oxygen  than 
of  the  hydrogen  and  oxygen  mixture. 

This  velocity  is  greatly  increased  by  the  presence  of  a  trace  of 
water  vapoiir.  In  the  case  of  tha  carbon  nionoxido  mixture  which 
has  been  civrefuJly  driod  with  phosphunia  peiito.side,  the  velocity  is  60 
small  th:it  it  is  not  possible  to  bring  about  ignition  by  meutis  of  an 
eiectric  spark ;  a  mixtiire  of  p'eribctiy  dry  carboJi  monoxide  and 
oxygen  appears  to  lie  incomliustible  in  such  a  way.  If,  however,  the 
mixture  is  heated  from  without,  combination  takes  place. 

*  The  same  behaviour  is  eridoncod  by  the  fact  that  a  jet  of 
carbon  munuxide  burns  in  moist  air  with  the  well-known  bliie  llame, 
but.  ia  extiniiiiishcd  when  it  is  brought  into  dry  oxygen,  whereas  it 
continues  to  burn  in  the  moist  gas. 

•  All  these  arc  rdahjlk  actions.  The  aseiuuption  occaBionnlly 
expressed  that  intermediate  producta  are  formed  with  the  wnter,  haa 
not  been  ]<roved ;  it  may  be  right,  but  the  mere  assumption  contri- 
butes nothiny;  to  the  explaaation  of  thei  phenomenon  itself. 

391.  Water  Gas.^Tho  gieat  advantages  pos&eased  by  gaseous 
fuel  with  respect  to  comjiietencss  of  coniliustion  and  power  of  r<^giUut- 
ing  the  H.amc,  have  given  rise  to  majiy  cxperimenU  to  prepare  a 
gaseous  fuel,  with  as.  i<;mutl  a  loss  as  possible,  from  the  solid  material, 
coal  or  lignite.  A  I'ery  promising  reaction  waa  found  JR  the  uctioti  of 
water  vapour  on  charcoal,  corresponding,  according  to  circumstantes, 
to  one  07  other  of  the  ecjuationa 

C  +  2H^0  =  2H.  +  COj. 

In  ths  former  case,  charcoal  and  water  vapour  are  converted  intC' 
carbon  monoxide  and  hydrogen,  in  the  latter,  into  carbon,  dioxide  and' 
B  hydrogen.  Of  the  twu  leactiuns,  the  former  predominates  at  liigfe 
ft  2d 
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temper  it  ures,    while   the  second    is  favoured  by   a    lowering  d 
temporiitiire. 

NQither  of  tlie  two  ruwctionB  can  takr  plate  BpunlaiieouBly,  for 
JB  aocuTn{iaiiied  by  an  ubsorptiuu  of  heat,  aiuouiitirig  in  the  tirstcui 
133   kj,   aud   in   the   second   to    91    frj.     The  cotamunicatioit  of 
necessary  cTiergy  in  some  form  nmat,  therefore,  be  pro^'itled  for. 
method  consists  in   raising  the  coal  to  a  high  temperature  by  aai! 
tion  with  the  help  of  an  iiir-blnat,  and  theu  |jas8ing  in  j^teani ; 
the  temperature  h;iB  ngnin  siuk  so  low  that  the  rettgtion  wvuld 
air  IB  again  injected,  and  the  processes  are  repented   alternately    h 
theae  opemtioiifi,  c^i'^  muat  be   talcen,  by  revei'sing  th«    coodwUv 
tubes,  th^it  the  mixture  of  carbon  dioxide  and  nitrogen  fomi«^l  in  tb 
heatiii,^  proce^ss  do^s   not  mix   witli   the  combustible    gas    foniie<d 
another  period  of  the  process. 

The  sccoiitl  method  eoniiists  in  mixing  the  steam  ^tli  as  mu^ 
JLS   is  necessary  to  maintain  tho  tcmptratiire.     The  process   is  in 
way  a  continiioiis  one,  and  therefore  luuth  simpler,  but    the  gM  pr- 
dnced  has  the  dti^aciviiiitii^e  thiit  it  contains  a  fairly   large   amount 
carbon  dioxide  and  iiilroyon   mixed  with  it,  and  therefore   do«fi 
allow  of  such  hiL;h   te]u|H.^ratures  being  attuned  as  the   pure  "vH 

On  account  of  tho  very  poisonon»  nature  of  carbon  monoxiiJie^  il 
will  always  be  better  to  aim  at  jirodndng  «  gas  which  contains  b 
little  carbon  monoxide  as  ptis&ible  and  a  correB^iuiidingly  larger  aincmul 
of  hydrojgen.  This  is  Ihi-  same  as  saying  that  the  uperiitiong  shouH 
he  carried  nUt  at  as  low  a  tctnperiitiiro  as  posaible, 

'i'^'2.  Formic  Acid. —  Carbon  monoxide  can  be  regardod  as 
anbydride  of  an  lioid  which  is  called /iJ»W(C  ad^ (CO  +  lljO  =  HCOO 
beeaiise  it  was  Hrst  oliservrd  in  the  ncid  lirniid  which  ants  squirt  oot 
for  defonijive  purp'tees,  t>titl,  nO  apprecialile  fltoount  of  formic  »aA 
is  formed  when  carbon  monoxide  and  water  are  brought  logetbrr 
Th*  aodinni  salt,,  or  aiMfiiim  /orniiiU;  however,  is  obtained  whou  uarWn 
monoxide  is  passed  over  gently  heated  eanatic  soda.  The  reaction  i* 
CO  +  NaOH  =  HCOONa. 

As  ia  seen  from  the  formula  of  the  sodium  salt,  formic  iicid  is  i 
»i<iii<>biM(  acid  in  spite  of  the  fact  that  it  euntuirig  two  c<fmbiniDS 
weights  of  hydrogen.  One  of  these  is  not  capable  of  being  rapl&Cfil 
Ity  metals,  the  other,  howevey,  can  be  so  vary  welh  Formic  acid  oui- 
not  even  hi-  called  aJi  acid  of  medium  strength,  although  it  approaebct 
very  near  to  one. 

Free  formic  acid  can  lie  t-asily  obtained  by  the  distillatiou  of  lh« 
aodinm  salt  with  Biilphuric  ncid.  It  is  rather  dilficult  to  reuiovc  the 
last  tmceB  of  water  from  it,  since  it  readily  decomposes  again  into 
water  and  carbon  monoxide.  It  is  Itest  eflected  by  allowing  che  fuirlf 
concentrated  acid  to  partially  solidify  j  an  anhydrous  add  tlicn 
cryatalliseB   out   and    a   more  watery  mother   liquor   remains.       Pun 
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formii;  acid  melts  at  H-f?  ;  at  the  ordinary  temperature  it  is  ft  Coloiir- 
leas  litjuid  with  corrosive  smell  and  action,  -wliicli  disaotvea  iii  water 
in  all  proportions  and  reacts  strongly  acirl.  With  bas€8  or  mttaJs,  it 
forme  siilta  whiub  are  mostly  easily  soluble  iti  water  and  contain  the 
voloiiriess  ftn'iiijiiihii  HUOj';  by  oxidising  agents,  it  ie  readily  oxidised 
to  carbon  dioxide:  HCOOH  +  O  =  CO,  ^  ILO.  It  acta,  therefore, 
with  respect  to  soma  siibstancoa,  as  a.  reducing  agent,  and  it  precipi- 
tatiGe,  more  ea|iecijilly,  the  noble  metals  am'h  as  gold  and  platinum, 
but  ilIso  silver  ami  mercury,  from  their  salts. 

Formic  actd  ia  usually  classed  with  the  w^nic  rcids  Iwcauaa  it  is 
the  first  member  of  a  Jargo  series  of  similar  acidti  ivliich  dirt'er  from  it 
in  the  fact  Lbitb  the  non-ioni sable  hydrogen  in  reiilaced  by  the  atomic 
group  C„il,„.n  {/I  being  a  whole  nunilier) ;  in  the  simplest  case,  there- 
fore, by  CHj.  The  acid  which  is  formed  from  formic  acid  by  the 
introduction  ot  CMy  in  place  of  hydrogen,  is  called  atelir  wid ;  it  haa 
the  composition  CH^COOH  =  HC^OgHg,  and  is  monobasic  like  formic 
acid.  Since  acetic  acid  ia  readily  formed  from  organic  substances,  it 
is  one  of  the  longest  known  acids,  and  in  moat  languages  it  haa  given 
the  name  to  the  group  of  the  acida. 

3!t3.  Acetic  Acid  has  siuiila.!-  properties  tf>  formic  acid ;  it  does 
not,  however,  exhibit  the  reducing  actions  of  the  latter,  but  is  exceed- 
ingly stable  towards  oxidising  agents.  It  is  a  colourless  liquid  which 
■olidiBea  (when  supercooling  is  avoided)  at  \~-5  ,  and  which,  on 
account  of  the  ice-Hke  appejirance  of  the  crystids,  ia  called  ffla<-iid  nr^Hc 
ncitl.  It  mixes  with  water  in  all  proportions,  yielding  solutions  of  an 
acid  taste.  A  sokUion  containing  about,  3  per  cent  of  acetic  acid  is 
used  for  houseliuld  purpoaes  under  the  name  vinegar.  In  the  labora- 
tory also,  acetic  acid  ia  often  used  in  cases  where  it  ia  necessnry  to 
Imvo  an  acid  which  is  much  woaker  than  the  mineral  acida,  liydro- 
chlorie  or  sulplniric  acid,  but  which  has  neveiiheless  a  diatinct  acid 
character  and  doe.i  not  readily  yield  to  other  chemical  attacks.  Ita 
salts,  the  tu^fukx,  contain  tlie  t'oloufless  arettinum,  El.jCjOj'. 

394.  Hydtogen  COmpOtWldS  of  Carbon.— The  number  of  com- 
pounds which  carhnu  forms  iritb  hydrogen  U  esceedingty  great.  Tlie 
trdalment  of  thew  bt^longs  to  organic  chemistry,  and  only  a  few  of  the 
raoHt  important  of  the  compound.^  of  this  group  will  be  mentioned  here, 
and  tlitir  relations  to  the  otln^r  simple  carbon  compound$  diacusaed, 

The  simplest  of  all  the  substances  of  this  group  is  the  compound 
CH4)  which,  from  its  occurrence,  goes  by  the  name  of  taarsh-^ita  or 
Jire^ami) ,  its  systematic  name  is  iiKliitiiu.  It  is  a  comijonent  of  the 
gBses  which  are  evolved  from  decaying  vegetation  at  the  buttom  of 
stagnant  waters.  The  gns  is  also  frequently  found  in  coal  mines ;  it 
generally  occurs  sh'it  up  in  cavities  under  s-ome  preasure,  nnd  escapes 
when  these  are  opened  in  the  mining.  The  name  methane  ia  derived 
from  the  relation  which  the  gas  bears  to  niHhyl  alcolid  (vide  infrr" 
wood  spirit. 
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and  is  called  vtelhyi.     It  does  not  exist  alone  any  more  than  hytl 
does  J  but  aa  a  conetitiient  in  orgunic  compoiinde  it  plays  n  vaj 
portant  part. 

This  followa  from  the  fact,  diBCOvered  empirioally,  that  those 
poimdfl  in  organic  chemistry  which  miiy  he  regiLcded  aa  being 
by    t.he   reiilacemont   of   hydrogen   by   mpthyl,   pi.issfsa   a   very' 
reseiiilAiuuf  to  the  parent  compound.      An  examp]e   of  this  we 
already  met  with  in  thu  cilsi.'   of  formic  siiid  ucetic  acids, 
compare  the  two  fonmdnj  HCOOH  nnd  CHijCOOH,  which  re 
these  two  nuids,  we  sec  thsit,  aa  n  mntter  of  ffict,  acetic  acid  can 
derived  fmm  formic  iwid  by  imagining  the  first  hydrogen  of  ita  (o 
repliLceii  by  mothvl. 

8iich  St  method  of  derivAtion  can  be  employed  in  the  cose  of 
organic  .romijonnds    (jontatning    hydrogen.      Thia    car.    in    the 
JQBtAiice,   be    done    for   methune    itself,   and,    iii    thi:;   wny,    there 
obtiiineiJ    from    methnn€    CH^    the    compound    CH^ .  CHg,    which 
called  tlhaiir.     In    thie   eoHipoUiid,    the   sflme   cbatige   can    l»e   car 
out,  and  we  obtain /'''jiitTM-.  CH^ .  CH„ .  CH,|.     Ei-idently,  there  isi 
theorcticid    limit   Xo   thia  substitution,   ant),   indeeO,   hydrocarbons 
thi.t  kind  iirc  known  up  to  C^  and  over.     Peliolnim  ronttists  of  hydi 
carbons  of  this  (.-laas. 

Oil  writing  the  summed  formulae  of  these  hyH rot:arbons,  we  ol 
the  aerica  CH^,  CgH,,,  C,H,,  C^Hj^,  and  so  on.  Each  eiKceesive  hj 
carbon  differs  from  the  previous  one  by  CII.„  one  hydni^cii  1m 
eliminated  mch  time  and  CH^  introduced  instead.  Such  a  Bene* 
siniilur  comi>ounda  which  can  be  derived  from  one  another  by 
substitution  nf  methyl  for  hydrogen,  is  caJled  an  huruitloifons  *mfj. 

Besides  the  homologous  series  of  the  hydrocurbi)!is,  there  ii  onAl 
the  ii}c«li'>is,  the  nmh,  the  <:lil/m'den,  etc. 

Of  the  homologues  of  the  above  meiitinned  siibfitnticee,  we 
mentifin  rfhi/l  nlriihol,  homologmu  to  methyl  idcohol,  whirh  is  kiw 
under  the  name  of  9}iint  of  wine.  nhvJiol,  or  xjiirii.      It  luw  the  co 
poail.ion   CH,<.'H„OH    or  C',Hn<.),    iind    can    Ins   derived    from   methj 
alcohol  by  imagining  one  combining  weight  of  hydrogen  replacwl  I 
methyl. 

Ethpl  alriihvl  is  prepai-ed  in  very  largo  t|Uantitiea  by  the  fenne 
tatiuii  of  sugar  and  Miiibi;tf(iici3a  containing  sugar.  Those  havi- 
compoaitinn  C|,H,,jO,|,  and  decorapme,  under  the  influeni^e  of  n  caraljt 
agent,  :r/rmisf,  whidi  i&  aecreteil  by  various  organiema,  especially 
yeast,  into  alcohol  and  carbon  dioxide,  according  to  the  eqiiAtifl 
C(,Hj,0,,  =  2C„H,.0  +  2C0j.  The  latter  eaeapes,  and  from  the  lujuc 
mixturo  the  ethyl  alcoliol  is  Be|jJirated  in  the  pure  Btahs  by  distilbtio 
It  boila  lit  78". 

Ethyl  alcohol  i»  a  colourlog»  liquid  with  a  feeble  eniell  and  burni 
taste.  For  the  organism  it  is,  wIk^ii  concentrated,  an  acute,  wh 
diiutci^,  a  slow  poiaon,     The  phenomena  of  incipient  poiaoning  becc 
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the  process  of  salt  formation,  in  which  hydrogen  is  a!so  Biibstituted. 
Vher&as  in  the  Ciise  of  the  acids,  by  no  mtans  &i[  the  hydrogen  c-art 
(be  replaced,  in  the  aiae  of  orsinic  tompoiindg,  all  tho  hydrogen  can  ba 
Imbetitiiti'ti.     Fiirther,  whereas  the  acid  hydrogen  can  be  replaced  only 
•iby  roatals  or  wetwl-like  groups,  the  hydrogen  of  oi^iinic  compoanda 

I,  can  be  replaced   hy  the  most  different  elements  or  groups.     Finally. 
[■the  compounds  wiiich  ate  formed  in  tlie  case  of  the  CirgnTiic  substances 
j  are   not  salts,  but  imdissociablo  or  indifferent   compounds.     It  is,  of 
course,   not   exclndetl   that  organic  substances   m&y  also  yield   ^cide, 
:  ■    bases,  and  silts,  but  the  foramlion  and  transforniatioii  of  these  follow 
the   same   laws  as   in  inorgiinic  chemistry.     Witli  the  organic  com- 
pounde,  Iroth  Jtinda  of  processes,  salt  formiition  and  substitution,  may 
occur,  correBpoiidingly  different  Rubstancea  being  produced. 

Thus,  for  examjila,  the  following  compounds  are  successively 
obtained  by  tho  action  of  chlorine  on  methane  (under  the  influence 
of  Buniight) : — 

Metbjlene  clilcirida  CH,OI, 

Chlororonn  CUCIj 

Tetrai'lilonrietliano  tlClj 

All  the«e  substances  are  formed  from  methfitie,  the  hydrogen  being 
replaced  step  by  step  by  chlorine.  Further,  all  sire  indifferent  or 
pon-saline  substances.  Their  pFopcrtiea  change  gradually  with  the 
increase  in  the  amount  of  chlorine,  as  is  abawu  in  tho  fotlo^ving 
table : — 

Dcnattyi  Bolllug  paUb 

Methyl  eliloririe    .        .         .        t)-«523  -237° 

Mflhyknccliloride         .         .  1'3778  +4r6' 

Chloroform    ....  l-i2fl-4  flr2* 

TetrwhlurnietliflTifl        ,        .        l-e520  "'37'' 


All  those  Bubstances  are  only  slightly  soluble  in  irater.  The 
)ltitiona  do  not  exhibit  any  of  the  renctiona  of  chloridion,  i.e.  oii 
addition  of  silver  nitrate  they  remiiiii  cluar.  Also,  neither  the 
eolutiona  nor  the  pure  substances  poasesa  the  property  of  conducting 
tho  electric  current. 

The  derivatives  of  methane  containing  bromine  or  iwlliie  in  place 
of  hydrogen,  are  perfectly  similar ;  their  properties  also  undergo  a 
gradual  change  with  increase  in  the  amount  of  halngen.  On  the  other 
hand^  if  the  corresponding  chlorine,  bromine,  :in<l  loiKno  comfiounda 
are  armti^ed  in  w  Beriftfi,  S  similar  gradation  of  properties  iia  oiksorvod. 
This  is  shown,  for  tlie  densities,  in  the  following  tabic : — 


(Jlilorinn. 

Dramine. 

iDdlna. 

C-952 

i-asi 

2-190 

1-378 

2-0K4 

3 -3413 

1-B2ft 

a-noa 

4'OM 

1-53.2 

4-92 
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Wjth  fluoriTie  also,  corregpnndnis  compounds  CF^,  CF^H,  CFjl 
are  known.     The  general  muLhoJ  of  pteparing  l.heae  is  by  the  inl 
action  of  tfae  chloro-comjxiiiTids  on  silver  fluoriile.     Vcilxyii   fttrafia 
is  also  obtained   by   jjaasing  fluorine   over  porous  chaj'coal   at  a. 
tempemtnre.     'J'he  ^s,    the    density  of   whiuli    L'oiTes|n>n(lB   (« 
fonnula    CF^,    condeiisos    to   a    liquid   iit    -  IS     vinder    utraoepli 
pressure.     It  is  difficultly  soluble  in  water,  but  very  readily  soluJ 
ether  nutl  in  anhydrous  idcoLol.     It  reacts  with  glass  with  for 
of  CO.j  and  Sil'j.     Tho  fibove  coin  pounds  siri?  also  readily   formed 
the  action  of  g^eoiia  fluonno  on  CEH-Iion  compounrla. 

39G.   Radicles. — ^Coneidering  tlia  co-in]>oun(ifl  jiist  described,  i 
CH^Cl,  CH^L'L,  CHCl,^  «na  CUl^  we  am  formally  regard   tho  k 
as  chlorides  of  iho  groups  CHy,  CHj,  CH,  and  C     Of  those,  the 
is-  combined  with  one,  ihu  soDond  with  two,  th-e  third  with  thro^ 
the   fourth   with   four   combining  weights   of   chlorine.     Jusl  ut 
CrtU-ed  a   metiil   which   win  combine   with   two  conihiii ing  weights 
chlorine,  divalent,  so  we  may  eall  the  group  OHj  divalent,  and' 
trivak'nt;  in  thifl  seufie,  carbon  is  tcti-avalcnt. 

It  is  a  reiniirkfible  fact  thut  liydrogen  and  tho  halogens  ilo 
form  any  other  compounds  witli  carbon,  containing  only  one  comhini^ 
weight  of  this  clement,  than  the  ones  mentionefi.     In  other  word*,' 
all  these  compounds  wirbon  is  Idmnilcnl,  for  the  number  of  the 
billing  Tiveights  o£  hydrogen  and  the  halogens  together,  is  alwai^s  ejB 
to  four. 

On  the  other  hand,  the  group  ClI,,  can  be  regarded  as  monovals 
becaiiac  it  can  combine  with  etill  oiio  combining  weight  of  bydrogtnj 
halogen;  alone,  it  is  incapahla  of  exiating.      Likewise,  the  gi'uuj)  i 
is  divalent,  and  »o  on. 

The  monovalent   group   CHg   is   caller!   mdliyl,  the   divalent  CI 
mcUii/lr'n-^,  the  trivalcnt  L'H  iiu-ihrnyl. 

Of  these  groups  or  radicles,  the  first  is  the  moat  imporUnt,  fori 
forms  by  fAc  tbe  most  derivntii'esT     Such  compotnuU  iire  formed 
only  by  the  repliicement  of  hydrogen  by  other  eleraciits.  such  a« 
liitlogens,  but,  instead  of  elements,  luon'ovalent  rmlich-A,  such  as  hydcol 
or  amidogon,   may  replace  hydrogen  and  give  rise  to  coiTe5|H)nJi( 
■cOuiponiiflfi.     The  aiimbcr  of  such   radicles  is  very  grejil,    for  eva 
existing    compound    can,   by   the   loss  of   one    combining   weight 
Jiydrogi^n  or  another  element,  pass  into  a  monovalent  radicle. 

397.  Methyl  Alcohol. — Of  these  compounds,  one  of  the  ma 
important  is  thai  with  hydraxyl,  CH,OH|  which  ia  culled  vtrfhi/l  iil(» 
Formerly,  the  nam<?  alcohol  waa  UBCil  to  deaignate  only  sjiirit  of  win 
the  volatile  constituent  of  intoslaiting  beverages.  It  aftcrwanlaf 
came  a  class  name,  and  the  hydroxyl  compounds  of  the  hydrocarb 
radiiiles  gciiendly  are  callad  by  the  name  alcohol 

Metliyl  alcohol   ia   formed,   ido^ng  with    many   other  voluttlc  s«l>- 
slaacea,  by  the   thy  flisliU'ilion,   i.r.   by  the  boating,   of  wood,     ll 
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irat«d  from  the  mixture  1>y  fractional  dieEillation,  and  in  the  pure 
I  U  ft  colourless  lit)iik)  with  a  feeble  odour  niid  Imvin^  tlie  density 
'€.  It  is  combustible  and  dissolves  in  wabor  in  .ill  proportion  a. 
boiling  point  i«  C*>  . 

Mvthyl  alfohol  i^  a  type  of  the  txlfohnh.  These  .ire  inditTorcmt 
ids,  murttii^  iittilLvr  ucid  nor  alkaline  with  Yegetable  colours,  %vhuse 
MOOS  ftohitioMS  do  not  Appreciably  conduct  the  electric  currenl^  titid 
irii  m.n  therefore  not  dissociated  iiilo  Jona.  The  Jiicdhols  can  he 
nd  witb  iicids  withunt  iranmdiiite  L'omhiuation  taking  plaee.  If 
.  two  sulietances,  however,  ramiiiu  niixud  for  a,  1i;n!j;tlieiie(l  period, 
vaetion  slowly  ueciirs,  the  (.-ourso  of  w!iit;h  is  quite  Bimikr  t*t  that 
■kit  foTDiatioii.  Thim,  from  methyl  likohol  nnd  liydrticliloric  iicid. 
Hlijrl  chloride  (p.  405)  and  water  aro  formed,  and  the  cfhj' responding 
iBUioa  of  reaction,  CHjCOH)  1- HCt  =  CHjCI -I- HjO,  has  m\  appear- 
*  quJl«  siinikr  lo  Uial  uf  i»  salt  formation,  the  methyl,  CHj,  playiny 
I  pu\  of  a  cntton. 
However,  th«  prudui't  of  the  iiction,  the  niethyl  ehloiide,  is  tin  salt 
U»c  oniinary  sense.  As  is  semi  frym  th^e  statement  of  its  pro|iertie£ 
:ien  on  p.  4U5,  it  ia,  at  th«  ordinary  temperature,  a  gas,  which  is  vuq- 
into  a  colourless  liquid  only  at  -  L'3'7  .  Its  <ki|lieou^  solution 
not  romiiict  the  electric  current  at  ail,  and  on  the  addition  of 
''itjon,  no  precipit^tte  of  silver  chloride  is  formed,  so  that  no 
.;^i!e  amount  of  chlonVlion  is  present. 
it,  however,  the  silver  solution  is  left  very  long  in  contact  with 
•ihjJ  cblorid*,  silver  chloride  begins  to  slowly  separate  out.  One  is, 
\<A  to  eupposc  thii.t  cliloridion  is  indeed  present  iu  tb« 
KtlutiuQ,  but  in  exceedingly  alight  amount.  By  the  long 
mod  action  of  the  silver  solutiou  the  amount  of  chloridion  is 
■  w  far  incrensed  that  silver  chloride  ean  he  precipttat-ed. 
In  bet,  the  most  uppropHat?  view  of  tlits  kind  of  compound  is 
(hit  hfsiilet  the  miLuard  similarity  between  ihe  alcohols  and  the 
Imm,  and  between  th^ir  iicid  compounds  and  the  siilt^,  there  exists  an 
mur  raeemblantx  which  is  masked  by  the  following  circumstances, 
Fin*,  the  dis60i-i:ition  of  these  suhslancea  int's  ions  is  so  exeeedingly 
■Bill  Alt  it  caniitit.  be  delected  by  the  ordinary  means.  Secondly, 
'  -ACS  of  dissociation  into  and  recombination  of  the  iona  takeo 
..  pniportinijately  slower  in  the  case  of  thtae  auhsKinces  (chiefly 
j'lK  hyroaaoii  of  the  extraordinarily  snutll  eoueentration  of  their  ions) 
lliwiiithe  ease  of  the  typical  biiscs  atid  salts.  It  is  suitaWc,  there- 
Iws,  not  only  lo  retain  the  name  alcohol  for  the  hydroxy]  eompounds, 
"tt  al«o  to  call  tlielr  atid  ilerivatives  not  aaltSt  imt  to  introituce  a 
^v\A  innii'  fur  them.  They  are  wulled  t'sti-rs.  Methyl  chloride  is, 
tiioTTiurt,  [\if  [\yi]c'.'i:h]i.n\.i-  Hiid  fsti.T  of  nu'lliyl  alcnliol. 

'"•'■*■*-  The  Radicle  Methyl  and  Homologous  Series. — From 
""^iKaeiCH,,  which  is  a  "  satiiruted  "  conijionnd,  there  is  fnrmed,  by 
Mot  hjdrogetL,  a  nionovaJent  radicle  which  has  the  coraposition  CHj, 
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so  (ho  liiiilitT  till'  jm'iwure.  acetylene  be>»Ei-?s  i.i  exploMve  siih^taai 
mKU'ri;i>iiii;  iU*iMniinisiiu>ii  with  ^e.i:  T;t:-'.^:;-v-  %rh-?n  liecomposiiiMl 
ouii'ii-il  l\v  .iiiv  iiuMiis  ;n  sniiie  jx^Ir.:.  Tk-.-  sic:^  pfjoerty  is  exbibil 
l\v  '.:•■'■  aivtvleiit'.  Siiuv  the  vt:*:o;i1  :e=:per.:-.:r'*  ■■f  ibb^MiiiS 
aiul  tlio  rriiiral  jui'ssmv  •"•>  ;i:in..  the  ifrirti.::--  •■!  the  ^ris  caa 
easily  acii'mpHshi'd.  This  ■'ivr.i: ;•:■:-.  :*  TC;:iiv;:  ir.v  ltp.'.-h  ihuga 
:\i'i:-  ■'  <■■■:■■■■  '.:  ■  ':  :•}.■  :■  --n  ■.::  -nri::.-'!  ■.■;i'^  ■  ::Ir  siijh:  pn 
have  ti>  W  aj>i'li(vl ;  '■!;;  a:  hi^ner  t-eir-wr-iv,"-.-*.  irith  •»!Tespi>n(fii 
pvater  jTi'ss.iri-i.  it  Ih\',ii::i"-'  :::  :'l-.-  w'l.'.e  vfry  ■lic^'epias,  and 
ohiitii-tl  soveial  vUtitu*. 

t\>",:uvrtsi  «■■:::  t:;o   jro.it    ,'■>-"::  :.     f  rr.-Tr.:T  ::t   the  I'd; 
01  ;ui':vli::i'  [':  'iii  ;:?  e',^■Tl:^.■  ■..:*,  -*  :i-?  :..;:   :z.iz   ':-   :.*  f.rm-'il  from 
Intter  at  ii':y  l-.:^h  tfr.-.v-r-if.r-i     -   '    ;,  ;'•'..      F^r  example,  if 
elivt:--'.'  •.■•■.n-.:::  ><  ■.iV.:'\\--\  '.■}  :\i.s.<  '-^-.v~k:.  -x  ■  .■ar'^'^'f:  rt.'ies  in  a 
til  wh:i:::   :  y.::vit:i  is  vr^*^:;:    i':-.  '.  'i. .  "*■;  '.a:::r'r  ■:i.-ni'ines  witb 
I'ar'yi;!  wi-.h  i-.'v.v,.i;:-  ::  .t  .v.^::-.-:~l 

T"-:  d-ci'.- ■::::•::  -.i  .i.e;v".:::T   Li-rV-i:-?   'f  '".t  t?!;'**-';:-  -■f  vi.?l'ling: 
'fHtii:?--  '.vith  ,1  *i. '.■.:;■  -r:  ■;:    i        -.■■■,-  ir,'-    ,'  -  ,.^  ■,  ol-  .-.t  a  itlrfti 
ill  e\.;es.s  ■  z  .i'^:-^'  "L.i.  :"-■;■#'.■  -rri-.'iv.Mtds    -liinj  '.'at    riir'ri^'Q  oonif 
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■f::\;  :-.,.:f:   i  ::b  i.i--  'z  y  i^^::  y.'ri'",   ".p  :h>i  icccyl'.'ti;. 
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tnixtiire  of  hrtlroearlmns  and  their  derivittiveB.  It 
H  SB  tho  eourc^  fur  tibtfiJiiiiig  bfiizcm;  mxphUuih-My  ami  unliiiiwene 
titocarfaoiift  whicli  are  ut  the  greatest  ini[x)rlaii€e  for  the  prepaiii- 
of  )fcrtifict»l  <lye  siutt'':  Jmtl  meclf«aiiii;nta ;  from  it  there  art  also 
Bed  pi*tu4  (earlirihf  tiriih  and  compounds  rolatiid  to  it,  which  are 
for  parpoA(*fi  'if  disinfc'i'iiou  find  for  tlie  preptimttori  of  sniokclcss 
wwder.  Numeroiu  other  substances  ai't?  priismit  in  gas  tjir, 
h  «re  used  as  cnide  mftterial,  so  that  it  nifty  be  designated  us  the 
;  nDpOTlAnt  etartin^  sutii^tnoce  in  the  imhtstrviJ  i-hrmisl/'f/  of  /he 
tie  fimtfiMflf. 

rhc  working  ii|i  of  the  gaa  ta.r  is  tdso  carried  out  essuntiHlly 
nctiuitttl  tlifitillittion,  ^vilh  tlie  itid  of  limo  and  sulphiiHc  Acid- 
detB.iLs  of  tbia  heloii^  to  the  chumical  technology  of  the  organic 
KHtnils. 

3m  yat,  which  is  evolved  at  thn  saniB  time,  is  freed  by  cooling  and 
ktng  from  the  tsir ;  &nd  by  passing  it  over  a  mixiuro  of  lini^  and 
b  of  irun.  the  sulphur  conipomids  it  contiLiiiH,  and  which,  by  reason 
u  fomtAtion  of  sulphur  dioxide  would  bttvu  !k  baneful  eH'ect  when 
BB  is  used  iti  inbubited  rooms,  are  removed  ;  it  is  then  stored  m 
pw-bold«rs  for  distributioiii  through  tbe  network  of  tubes  to  the 
-iduaU  consumors. 

pts  XTuiea  considerably  in  compOBitioD,  accoi'ding  to  the 
used  for  it«  prefuirtitioii.  Ila  chief  constitimiits.  are  hydrogen, 
I,  carbon  inoiiosiilt,  and  some  bydrocarboria  ricliici'  in  ciirbon, 
X  ethylene,  benzeiie.  and  nu.pbthalene.  The  liitter  two  coin- 
arv  rv6|)«ctivGiy  liquid  and  solid  at  the  ordinary  temperature ; 
tma  mix  with  the  gnu,  th«rcfot'e,  only  in  amount  corresponding  to 
vapour  pressure,  and  again  aepai-;ita  out  when  the  gits  experieiieins 

iderable  lowering  of  temfjerature. 
To  givo  Ml  idea  of  the  composition  of  ordlnjiry  coal  gas^  we  give 
tfa*  rsMilts  of  an  ajinlysi^  iu  which  tbe  conatitucuts  are  statud  ia 
hy  nJtinte : — 

Hyilnq^n  ......  49*a 

Hetliauf'    ......  99-8 

Cwboii  niouDxldc  .....  El'S 

DrdrocarUina       .....  fi-O 

Otrboo  ilioxi4&     ,           ....  3*7 

Klteoe»n 2-e 

BfOMBe  r«(H}UT     .....  U'l 

'boo£  "  consiit  chiefly  of  ethylene, 
4t  firrt  «>al  gas  was  cbitifly  prepared  for  illuminating  purposes, 

ibe  chief  att«niioi)  was  therefore  directed  to  obtaining  a  gaa  rich 
lkyI«nA  uid  other  "  bfavy  hydrocarbon b."  Such  ca.n  bo  obtained 
'  famo  certain  expensive  kinds  of  com),  and  the  product,  therefore, 

«wl  gM>  is  correspondingly  cleiu'er,  Meiinwhilf,  the  g!is  has 
I  UtaoA  to  be  vory  convenient  for  heuting  purposes  and  for  driv- 
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i);  far  ikeM  pnriMMM,   bnwerer, 

other  ibn  luefoL      Since  in 

hmm  ha^  fDoad  of  obuining   vciy 

{paai  faiUf  ^BOBaw  gu  (tacandcscent  ItghtX 

of  IMB  Ifl  lb*  gu-wotla  begin  10  chiefly  man' 

vithoat  coasidrration  of  the  illia 

eas  h«  pr^Mivd  miicli  more  cheaply  I 

•  gM  cui  be  mkde  stroo^ly  luminous  V 
jy  befare  it«  coDsamption }  a  sauU  < 
kydnNsrbons  l(beiizeDa    or   tmplu 
tt  alnadjr  tnodi  o&ed.     It  is  only  n 
a  Tand  in  which  ibe  above-nai 
tha  vapour  prcBitre  of  tb«»e  bein^ 
iBOqgb  to  «fl«et  a  ntffiewnt  esrtxifleU 
»d*aiiiageoQi  OMthod  cottsisto  m  ti 
kvUck  are  laind  to  incaiMleacenee  ■ 
IW  decnb  ol   llila  mil    be    given  H 
CW  ^Lt).  1 

h  Ik*  klmawj  eeal  gm  it  used  v«ry  ertensivel j  for  1 
wmA  tat  tkm  purjioae  was  invented  hy  JL  Btinsen 
It  eooBsU  (Fig.  tl>3>  of  a  jet  fasten 
iron  baae^  from  which    the    gas  stra 
a  wider,  uprii^ht    tulic^   which    i$    { 
with  bwiat  draught  -  holes    beside 
In  Um  tul<«    the  hiaI    gxs    is    nil 
air,  and    the  tnixtiire  burns  at   th 
of   lb*  tube  nith  a  hot  ami    veiT 
himinous    &a,mv,    which     deposits     1 
on    *    cold    ohjecl    when     iiitrodno 
it.     This  is  doe  tu   tht^  fact  that   b 
ol  thi;  dniughtholes  tho  gas   ie  mij 
as  much  air  as  ii  nectssary  fur  tb 
timt  of  the  hydrogen  nnd    th«  convi 
■■  the  eatbon  pre«nt  inu>  carbon  mooc 

'fuiliwuiis  othar  fonns  of  huraer,  which  hnve  \toeti  tuU 
VSkriMH  piUlMacs,  ban  b«Ml  iqwIa  on  the  principle  of  tbe 
bwmsr.     tit  F%-  104  is  shown  the  construction  of  a  flat  ba 

Tba  nuxum  of  gas  and  air  which  issues  from  the  burn 
mIu«y«;  Uw  vttociiy  with  which  it  issues  is,  hnu-evar,  iiiunlly 
MM  iha  «oanbuikioB  is  propagslcd  Imckward^  more  slowly  tbani 
Mov^s  (wwanL  If  the  flow  of  ga»  in  reduced  below  a 
kkuiii.  tb«  <tale  of  matters  is  ruvc-rscd,  mid  the  burner  "strike 
ibis,  tb«  access  of  sir  niunt.  he  reduced  at  the  same  ti 
ii.xtMj  itiiiM  ol  bumcr  arc  so  coi<  «  to  do  this  automa 
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Tha  fljune  o(  a  Bunseii  LiiiniT  consists  n(  two  ptrte :  an  iuiier. 
fe  bfdiow  eoii«,  atxl  an  outer,  blue  iiuatlo.  Ii>  tlie  hollo^i-  cOQo 
cotabanion    of    th«    hydrogect    and    of    the    Liirlion    tu    carlxin 


:;|=^ 


cids  enentially^  occurs ;  in  the  outei-  muntle  ihc  comVnstion 
A(Mrid«  K  eompleted.  For  tbie  rcjuaan,  Lhe  inner  eone  hus  a 
ang  action  on  subfiUmces  introdinceil  into  it,  -whereas  in  the  outer 
ol  tlie  mantle  an  oi^cess  of  oxygen  is  present.  Theso  diflerences 
■■de  nee  of  for  the  purposes  of  chemical  analysis. 
For  Uiia  piirjwue,  tii^sidofi  the  itirij^r  cone,  't,  a,  an  {Fig.  105)  and  the 
mantle,  n,  n,  c,  Utitii^i^ii  distinguished  the  himiiums  Uj'.  aha,  which 
rodtieed  wh«n  the  nii'-hok's  of  the  burficr  lire  partiullj'  cloBcd.  It 
at  present  in  iki-  normal  Bmriiaen  Sjiqi-o.  In  theso  three  portions 
n  mn  jxf  reaction  bimiccb,  namely,  the  basis  of  the  flame  a,  which  is 
Mldestr  |iarl  of  the  (lame ;  the  j'lifinrj  spaco^  /3,  which  ti^  the  hottest 
L  y  is  ibe  iuvvr.  anil  t  the  Ujtpi'r  iiridisivg  JJ'inie ;  vrhiW  ni  is  the 
trwm  »t  ^^*'  "J'J"'''  rfi/iiriiiy Jliiiiii:.  The  former  aets  less  vigorously, 
BonnrtiiMl  nir  is  still  present,  but  it  ih  hotter  thiin  the  upper  flatiio 
riucb  conuiins  iiii  exceea  of  ie*lucinf;  citrbon. 

4US.  OxAliC  Acid.— By  the  oxidiition  of  miiny  cnrbon  compounds 
R  u  formed  an  acid  of  lhe  composition  HjC^Oj,  which,  by  reason  of 
Burifold  importiince,  we  shall  also  montion  here.  It  is  eulled  uAifie 
I,  and  eincn  both  itfi  hydrogens  arc  rcplmccablc  by  metals,  it  is  a 
mk  uad. 

Oxalic  acid  ia  a  white  crystalline  substance,  which  readily  dissoIveB 
•MM',  and  gives  art  .icid  reaction;  it  i&  found  to  he  un  acid  of 
tdliun  fltrotigth.  The  ordinary  cryatallieed  oxalic  acid  eontaine 
r  of  erj'!»talliKiiion,  and  its  composition  is  represented  by  the 
ila  HS'Mi  -^  -tljO.  With  bases  it  forms  two  series  of  salts,  acid 
i  normnl,  tunl  ratwl  of  these  are  difHcultly  soUible  in  water.  Of  thi^se 
Uio  TQDBt  important  are  the  acid  potasBium  aiilt  and  the  normal 
nam  ull. 

The  former,  baring  the  composition  KHC^O^,  occurs  in  nmny 
sta  piM»eising  an  acid  taste,  and  can  be  obtained  eryittallini!  by  the 
pontioti  of  tbu  jiiiicc  pressed  out  from  these.  For  its  preparation 
r«  »r»a  formerly  chiefly  used  the  woO(l-»orrel  (i'ra!i<),  from  which 
■aiDe  oxalie  lu-id  is  derived ;  liicewiae,  the  pot:i±i6ium  salt  is  called 
f/'aorrW. 
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B. 


A. 


The   iieuli^a.!    calcium    salt,    CaCj,0^   is   very  diiRcultIv  so. 
watei".      It  occurs  in  almost  ail    plaiite,   beii*g   fount!   in   the 

very  cliani£-l*ri8tic  h 
crystals  wbict   Have 
pearanoe    of    envelol 
aoniytical  chcmistiT 
importance  from  the  I 
it  is  the  form  in  v^ 
catcimil     comf.'wnda    i 
t^cted  {jualitalively 
terminaJ  quantity  till 
reagent  for  this  purp 
nmmtiiLtuni  fia]t  nf  os 
is  mostly  naad. 

Ou  being  heatec 
iieid  first  »let;tnii|]09 
formic  iicid  and  uii 
ojddc,  H,C/-)^  =  HG 
COo,  but  this  dccnni 
can  be  accompliabfl 
with  great  cure  rw  % 
help  of  suiuible  oil 
On  heating  more  a 
the  fonnic  ncid  also 
posoa,  and  there  Jire 
t:arboji  dioxide,  car' 
oxide,  and  wat^r:  I 
CO.  +  CO  +  HjO, 
of  oxalic  acid  on  boi 
are  coiivertod,  with 
of  CHrbon  tuonoxK 
carbonates,  which 
cases  decompose 
e.!f.  CaCjO,  =  CttCO,' 
CaO  -  CO,  +  CO.       ' 

Further,   oxiilic 
composes  into  carl 
oxide    and    carbon 
when  treated  with 
in-^  agents,   such  aa 
I  tratcd  sulphuric  aci 
'  rt^actiuri  is  made  i 
the   coiivement    p 
of  eartmn  monoxid 
acid  or  a  salt  of  this  ia  warmed  with  coiici<ntriU4.<(l  sulphuric 
tha  escaping  gases  passed  thi'ough  a  waah-botllo  with 


d. 


a. 


A. 
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,  The  curbon  dioxide  is  absorbed  by  tkis,  tiiid  pure  carbon  monoxide  is 
r^.  obuiined. 

^^  Qjcalic  (icid  is  fairly  lienaiuve  to  (ixidising  agents,  and  ib  i-eadHy 
l^^oxidised  by  them  to  carbon  dioxide  :  HJJ„0,  +  O  =  2C0j  -  H^O. 
I^This  reaction  is  afeo  used  in  analytical  uhembtry,  niid  we  shall  later 
^^  have  uccnsifJii  tu  return  to  it  (('ha|j,  XXVIIL). 

403.  Carbon  DiSUlphide. — When  churfoal  IB  heated  irt  a  currertt 
of  sulphur  vapour,  a  ciniijionnrl  of  the  two  I'lenients  is  foniied.  It  fias 
the  conifHisiti'iii  L'S^,  for  its  vapour  density  is  7'!,  uriil  nnalysis  shows 
it  to  contain  G4  of  sulphur  to  12  of  carbon. 

Carbon  disulphide  ia  n  colourlesB  lirjuid,  whose  density  is  aboiit  I '3, 

and   whifh   IxiUs  at   ■t7' .      hi   the  piiro  sutM  il  is  almost  colourless, 

Ord.iiiary  oiiHion  diaiilphido,  fiwing  tii  the  prefi<ttico  of  othi^r  sulphur 

compounds,  has  ^^ciierally  rather  a  bad  smell.      It   can  be  iiiirified  by 

'shaking  with  mctolbc  racrctiry  and  (iistilUug. 

CWbon  du;ulpbido  letriicta  and  disperse*  light  very  strongly  ;  il» 
indices  of  refraction  (at  IT'OO  ),  for  the  most  important  raya,  are  '■ — 


A 

U 

c 

|i 

Wavc-lea)jt|] 
InAtx  at  ntneimi 

7601 

1 -(111  SB 

e887 
ffll75iS 

6582 

1  -liaoafi 

i1BB0xJ0-"<:m, 
1  '83034 

K 

r 

(• 

11 

Wnve-leiigtb 
Index  of  rerrautioD 

Gli"0 
1  '84320 

4SUI 

1  -fisa-irt 

4308 
1  ■C7S75 

3B6.5«10-"cm. 
1-70277 

For  this  reason  it  has  often  been  atteniptwl  u>  use  it  for  optical 
Mppamiiis,  f.g.  for  prisms  in  spectroscope 8.  Tliis,  however,  has  not  met 
with  success,  since  the  ^i"eat  expmaion  by  heat  very  I'GJidily  causes  riis- 
tiirlKUices ;  further,  caHton  diHulphide  ia  anmewhat  sensitive  tu  light, 
nnd  wlicti  exposed  to  light  for  a  len^'tliened  period  it  decomposes  and 
ita  properties  change. 

CnrlHjn  disidphide  ie  a  good  solvent  for  many  substances  ;  in  thia 
rule,  we  have  already  mot  with  it  in  the  case  of  anlphur  and  iodine. 
It  also  reaiiily  dissolves  fats  iiiid  i'osiij,s,  a  fact  on  which  many  tt'chiiieal 
applications  of  it  defieml. 

By  reason  of  being  cornjxiBed  of  two  combustible  elements,  carbon 
rlisiilphide  can  bi;  ignited,  and  it  bume  in  tho  air  nith  a  blue  Same, 
with  formation  of  aulphnr  dioxide  ami  carbon  ilioxide.  Its  teiiifirmture 
of  ignilk'n  is  very  low,  K"  thiit  \h:-  vapour  of  carbon  disulphide  can  be 
I^niit«il  under  circunistanceti  in  which  oth^r  combii»(tible  siibBliinc* 
fiu'  from  taking  fire.  Corresponding  eara  must,  therofwe,  I>o  o' 
in  using  this  conipoinid, 

Mixe<i  with   nitrous  oxide,  carbon  disulphide   burns  with  i 
which  iseapeciiilly  rich  in  ultraviolet  and  violet  rays,  and  whicb, 
fore,  under  certnin  cir  cum  stances,  is  used  fop  ]»hoLochemieaI  pu 
The  sulphur  dioxide   thereby  farmed,  however,  is  a  hindrance 

eral  nae, 

2R 
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{Jatbou  iLiaul]ilii(l<:  is  iormcil  fraui  its  oliMiiciits  with  a 
-  120  hj.     Its  lieat  of  combustion  amountB  to  1330  kj,  wherea 
the  elemfliita  is  unly  1200  (;/,      In  vory  special  circiini9tii.rii;a 
fori!,  it  may  be  atnaed  to  ilticompoau  Gxijlosively  ;   this,   liu\ 
liifficiilt,  and,  aa  n  rule,  it  uxhibita  no  exploaivv  proprrtiee. 

Fmm  carbon  disulphide  an  acid  is  dtsrived  wliich  bears  thn 
ruJiition  to  it  as  tarbnnic  atid  floes  ttt  carbon  <]liuxid,e.  Only, 
jicid  is  not  uoniposcd  of  ciirbou  disulpbidt'  and  vxttrr,  Isut  of 
disulpKide  pities  ^itlplniretfc4  hyhvi/ett,  ami  has,  therefore,  lh« 
|t™ition  H,,CS,|. 

From  liii.-i  example  it  trill  ha  flooti  that  besides  the  oxyucidd 
;iK   (ithers  which    have  u  similar  compositioti    to    these    Imt  cf 
luljilnu'  in  the  ]:<Uwii  of  oxygen.     Tliese  ai-e  cfilleil  llii-}-<icr/i.t, 
jiljfive  acid,  Hiiwtnhimk  iieiii,  is  Biich  mi  add,  as  can  Ixi  seen  bj-  wi 
tJie  tfl'o  formulae  eidio  Uy  aide  :— 


AiiltyilriJo 
Acid 
Soiliiiiii  salt 


CO, 
H„CO. 


Tho  Hodiura  salt  of  flinicai-ljuaiim  is  oljit-iiiiied   by  ilis£ulviii» 
liisnlfjliide  in  ii  solution  of  sodinm  Hulphide,  in  accordance  with 
e<]iiatioii    CS,  +  Na^S  =  Na,,CS3.      From   a  solution    of   this  satt, 
cnrhoriic  acid   can   be  jtrecipitatcd   by   atldition   of  ao   acid.      UaH 
ciirboniL'  acid,  it  only  Blnwly  dwomposBS,  so  thai  it  sepanni's  oilli 
an  oily  lirjajtl,  only  aitghtly   hoIuMc  in  water.     Thie  ia,   however, 
stable,  but  slowly  flecomposes  into  carbon  diaidpbide  and  Bidphnr^'ii 
hydrogen  ;  II^CS.,  =  H.,S  +  Q%. 

The  thioeju'boniUGs  have  attinned  to  a  certain  importJUicB  frooil 
fjict  that  tJU-bon  disulphidi;  h>ie  Iwan  Iftimd  lo  be  u  meuius  for  d«t 
iny  the  phylioxoni.      Whereiia  cjirlKin  difiulphide  is  so  volatile  as  lol 
jiiappiicable  for  this  pnrpoae.  thti  thiocarboiiatea  are  s^iital'iL'. 

Umisr  thp  influence   of  llio  carlmn  dioxide  in  the  air  and  iir 
soil,  these  arc  cmiverteii  into  carlionates,  ciirbuii  disulphidc  aud 
plim'utted  hydrogen  beiny  split  oli :  NaX^.,  +  CO.,  +  H^O  -  Nn^CO^ij 
H*S  +  C'S^,       The    process    takes    place    alowly,  but    a'till   wi^ 
rapidity  that  the  amount  uf  earlxjn  Uisulphide  present  at  eadi  iron 
ia  aittHcieiit  to  cxeTciac  th&  deaired  action. 

The  existence  jdsi)  uf  a   nimiKiunil  ('S  has  recently  bpon  rendu 
vwry  proliablc.      It  was  oljtaincd  .^s  a  colourless  gas,  by  beating  C'>P 
ill  the  vajiimr  uf  carbon  disulphide  diluted  with  nitrogen,  {uncording I 
llie  ^'[Uati'oii :  CS.,  +  Cn  =  (_'S  +  Ciiji, 

404.  Carbon  Oxysulphide. — In  various  ways,  most  Kisily  Vijl 
dt'cninjioBitinii  of  the  thioeyjinates  (rtV/r'  iufrtt)  with  siilphnrif  acid 
compound,  COl^,  is  formed  which  can  bo  reganled  as  an  snicrniwiil 
tjomponnd  betw«eiL  eurbini  dioxide  and  carbon  disid|diide.  It  is  i 
which  is  readily  absorbed  by  wiiter,  with  which  it  slowly  interaclfl,' 
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nl  cariKiiiic  acid  ami  Biilphiireltcd  hjdrogeii:  COS  t  SH^O  — 
■IjS.     This  riuuitinn  is  greiitly  aoeelerated  by  the  adduion  nf 
the  talta  of  the  two  acids  lieiii^  formed. 

boa  oxy^ulphide  siuflls  rioiiitjMhiil  like  sulphuretted  hydrogen, 
iily  liuriis  in  the  air  with  n  blue  Hamo,  fonDiQg  carbon  dioxide 
ihiir  (iinxide. 
iOt:  Oyajio^en.^ — Whtii  L-arbon  and  nitrogen  are  exposed  to  vory 
1  LciiijieiaturcK,  sueh  aa  »xist,  for  exampltj,  in  the  ule^tric  arc  (Fig. 
|h  413),  those  two  elumcntn  (rutnbine  to  form  a  giis  which,  in 
DCtlanrp  writh  its  comimeiticm  and  deusity,  52,  has  the  formulfi 
[j.  Oil  *»;uunt  of  the  blue  cumipfMuids  wliich  it  yields  with  iiun. 
'hkcfa  hAte  lifi'ii  kiiuwri  far  ion^,  tkiis  .^iibaLa.iice  hue  reL'eived  tin 
<»f^Htt^n  {pt-oJucLT  of  lilue  substfLUce). 
t'ranogen  is  n  colourless  ^s  with  pcL-nliiir  i^iuell  and  poisonoifi^ 
un  tho  orgAidsui.  Its  Criticul  tsmpcratiiic  is  1^4  ,  itt<  ifriticul 
ro  62  fttai.  In  iw  solubility  in  waiter  it  resembles  carlMjn 
JtWc,  to  wliiuh  it  also  iipproximatea  with  respect  to  ita  density 
CitnijKirexl  with  +4). 

itOf^'ii  tiiii  \k  ignited  ill  the  iiir,  and  burns,  \i-ilb  a  chaructenBtic 
■viol«l.  tobmr.  m  cu-rlion  dioxide  ;tiid  niu-ogoii.     A  tonsider- 
it   of  hwil  is  tboielij'  <levelopcd,  amounting  to  i»»r«  than 
!ven  by  the  corrfspondiiig  amount  of  thurcoal.     Cyanogen, 
'ore,  *Iso  bi'tonga   to  thoae  compounds  which  iire  formed  with 
■  <{  ciii.T);\',  aiid  whosi-  spontjuieous  formsuioii  OL-ciirs  at  very 
■  irftuf^s-      It  is  thus  fi.niiud  on  idl  oecfisionsi  whi^r^  cai'lion 
■ungrn  uiime  together  at.  a  high   iemj>erdtinx',  c.ij.  in  the  blast 
it)   th<!   pri'[»iriitioit    of   ii*on.       Thu    ht'iit   of   combustion    vi 
ii  1087  tj,  whurciis  thai  of  two  carbons  amounts  to  1^12  kj ; 
■he  fomwtioti  of  iht-  g:is,  th<<refnrc,  '275  ky  are  absorbed. 
Ib  its  cbeinicnl   i'clali<ing,  cyanngGu   is  analogous  to  the  hnlmjens, 
ina  whole  scries  of  com[nitmds  in  which  the  group  CN  behaves 
ilnrinu   or   ioditu^      >hjre  especiiilly,   it   b>rms   wttU  the  nieuds, 
I,  u'hJcli  contiirn   the  i.'olourless,   highly   poisonous   monovnl^nt 
ha  CN'. 

In  the  finX  phtve,  there  should  be  mentioned  the  hydrogen  com- 

""jikI   liCN.   hifinicintii-k    and    or  pnis^if-   acU/.       This   conipfjund    is 

ilrtAiiin!  by  decomposing  the  meljdlic  cjimidoa  with  an  jicid,  just  as 

icacid  is  iihlaincd  from  ciminum  ^dt.    The  metallic  cyanideH, 

:  ■   formed   by  allowing  I'lirhini  nitmgen,  and  the  ruspectiva 

'BiPUiti,  or  llinir  cju'bonates,  lo  act  on  iint^  another  at  a  high  tcmjtci'a- 

ton.     A  mon*  exa*;!  description  of   what  takos   place   here    will   bo 

'tnttt  lolt-r  miller  the  metals. 

YoT  ihe  lilxTation  of  hydrucyaiuc  acid  frona  its  salts,  a  s^tittiig  acid 
I.  for  hydroryaiiic  acid  ijt<ind>^  at  the  outermost  limit  of 
U,  The  :u]Ufoii8  solution  scarcely  exhibit  an  aciit 
diwotv^jd   nietJLJIic  cyanides  mut  be  decomposed  even  by 
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&iich  weak  at^idg  as  carbonic  acid.  In  couBQ^uencc  of  this  the  di 
cyaniilcs,  when  exposetl  Lu  the  air  (contaiiiiu^  carWiiic  Jtckl),  Bn 
hydr'.icy'H'W  Jioid,  und  thy  aquewis  solutions  are  piirtiaily  diaBo 
liyilrHjIjiicdtly  a»d  react-  ulkaliiie  (]j.  250). 

In  the  pura  staUs,  h_vdFticj'aiiii:  acid  is  n  colourless  U<)iiid 
boils  i\.t  L'7  iiiid  solidifies  (it  -  \o  .  It  is  ii  highly  iw-iisonotia 
pound,  whifh  even  in  EniiiH  amounts  .niiekly  an-tn  fatally.  Tlic 
of  it3  poisonous  action  is  pmbiibly  due  Lo  its  being  n  Tctaniin^  cat 
for  miiny  physiologically  irnpoi'tant  proeeaaoB,  oapuciallj*  the  oxi 
in  the  organism. 

Hydnxiyrtiiic  acid  can  be  detected  even  in  small  <^imiititie« 
Hmcll,  which  iTcalls  that  of  bitter  nliaouds.  The  reHson  of  thisi 
in  hitter  iiltnotida  a  stil iMtanfe,  amygdalin,  is  present  which  doco; 
under  the  influence  of  h  catalyser  or  enzyrae,  which  is  nisn  pf 
other  cells,  into  liydrocyaiiic  acid,  augur,  and  a  voUtiie  nil — 
bitter  almonds.  Crnshtfl  bitter  almonds.  Ihorefore,  smell  of  1 
cyanie  acid  when,  owing  to  the  dwitniction  of  the  ecUs,  thi 
subatances,  aniygdalin  and  the  cnzynie,  come  tot-'ctht-r. 

Whereas  the  atjueona  eolntinn  of  hydioiyauic  acid  eonliiiits  »; 
ingly  ivK  ions,  the  soluble  metallic  canipoundri,  whieJi,  in  »  eorroi 
ing  manner  to  th-e  chlorides,  fire  obtained  by  iho  action  of  hynlrtx 
acid  on  the  oxides  oc  hydroxides  of  the  metals,  arc  normally  disso 
into  thuir  ions.  Thus,  the  solution  of  one  of  the  best  known  im 
cyanides,  potassium  cyanide,  KCX,  oniiUiine  ihc  iuna  K  Aud 
The  ion  CN'  has  a  greiit  i"eaenililHnc(.'  to  the  ions  of  the  halo 
with  argtMitiun,  toy  oxamplt;,  it  gives  u  dilticidtiy  soIiibK"  ctJinp 
which  is  dejiositetl  as  «  white  precipitate,  very  ^iniilnr  w 
chloride,  when  eyaiiidion  and  argKutiuii  (e.y.  frutn  ]>utii£siiim  c) 
and  silver  nitrate)  are  brought  Uigether  in  soUitioii. 

*  For  the  purpose  of  <leteutiiiig  cyanogen  i-onipoutidss  iiae  U 
of  various  very  sensitive  reactions,  which  may  be  shortly  m«ii( 
hero,  althouj^h  their  theory  cannot  be  j;ivcu  till  later  (Chap.  XX 
The  liquid  t(.>  be  iiiveBtigalwd,  after  being  made  alkfdiue  by  suldit 
caustic  soda  01-  potash,  is  w.-irnied  with  a  ini-sturo  i*f  ferroUH  uud 
salts,  and  hydrochloric  acid  then  added.  If  cyanidion  wna  prea 
dark  blue  precipitate  is  obtaiued,  or,  in  the  c&s«  of  vary  smsAl  <i 
ties,  a  blue  or  green-hlue  coloration.  The  blue  iron  ronipua 
hereby  formed  whith  has  jjiveu  the  name  U>  the  whole  gronp, 

*  Or,  the  liqi)id,  with  addition  of  yi-llow  aninioiiiuni  sulph 
evaporated  ti>  dryti^ss,  thi'  r<?sidn(i  dinBolvi'd  in  a  drop  of  waim 
fon'ic  chloride  added.  If  cyanidion  was  preBenl,  a  bluutl-rud 
tion  IB  produceii.  This  diipends  on  the  formation  of  ilnofiimma 
means  of  the  sulphur  from  the  ainmoniuiu  sidphide,  and  this  giv 
above  reaction  with  f<'r]-if  chloride.  A  knnwlwlge  of  thi&  test 
practical  iniporuncc  by  reH.aon  of  the  not  infrequent  cases  of  poi 
with  pruBsie  acid,  or  willi  cymiides. 
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C  Relation  of  the  Cyanogen  Compounds  to  the  Ammonia 
^tires  of  the  Carbon  Compounds. — When  hyilrwyjiiiic  acid 

iP"l  H-ith  Mniiit;  iivilnirhli-riv  iii  iii,  ii  ri'-nction  Uikei^  pliice,  nnd 
niiim  rhhiritl^  iiiid  fnniiic  atiil  iiri'  {irndiK-ol.  The  rt'iiction  can 
jud  upon  as  fssentkally  ii  t;)kin^  ii|i  of  water  .  hrdi'OL-yjuiic  nnd 
llBr  lipid  formic  acid  anil  anmicMiio,  in  AucoMaiice  inth  the 
K  HON  -  -iH.O  =  Hf'<10H  +  NH,. 

bm  rekctian  recalls  tlio  conv(>rEiciii  nf  tlno  uiiiides  into  the 
Ilium  s»ll«  of  tin-  eorrespoiiding  iirids  (p.  'HS>,  V»iit  it  differs 
Ii  liy  ttif!  fuel  ibiit  ttr.i  moles  of  water  iu-l'  Uikcn   up  iiisUuiil  nt 

feti\litn\<W  cjwfs,  lh«refore,  tliere  ar*  two  aUges  *ii  deliydratioti 
mniKiUim   siilu  :    the   Urtit   yields   the   amid'f,    thcv   uecoud   it 
Mintl  fur  vkivh  tlio  gvnemi   nixuie  mfriU  hiie  oomc  iiil^  we.      In 


'imlda  af  ftirmir'  «dfl,  or  forninmidii  , 
3Iim1i<  af  Tarmu'  orlil,  at  liydnxyuiic  A''i<l 


HtX>0  ■  NH, 

nro-  Niia 

IH'N 


matter    of    fnct,    hydrocyanic  acid   can    hi   nhuilied    from 
fommtc  I>y  menus  of  stroritjly  flehydniting  aj^crita. 
lilar  srries  shown  cysu'Di^t^ii   itsL'lf   U>  !«■  the  iiiti'ile  of  ujidic 


Animotiitini  axalnh' 

Amii^R  if  niftlii'  wiil,  or  uiuiiillIi- 

^«ltril1'  i>r  iiKnlir"  BL'iil,  oi  L'viiiiii^vn 


l-O^tNlliij, 

*'.;n,„ 


[er»,  0^0,  uc  may  pjiaa  through  ihe  aerit-a  not  only  hy  (k-hydru.- 
Iron  abnvp  iliiwnwardtt,  bill  id^u  liy  iilieurjiTiuii  at  watf^r  from 
r  opirants. 

Ite  Inixber  i^xtetisioii  of  tbrsi!  indicalioriB  Ixilon^  lu  or^iinir 
istry. 

f>7  Cyanic  Acid. — of  Uk-  o\yadds  of  cyanog<.-n  which  would 
•}KNi<l  Ut  l-lii;  ac-iils  from  hypwhloioiie  iii)  to  penhlorii;  inrid,  only 
tnl  HM'iidipr  iH  kiinwii.  By  tiiialogy,  this  ehoiild  he  cikllcd  hypo- 
MU  Bi:]!).  nince  iU  ti>in|)oi«itt4)ri  is  ir|iiViii'iiti'd  tiy  llir  [oiiiiula 
!N  ,  nncu.  howt-vcr,  ii'i  uther  uxygi^ii  uoiii[iutiiiid  i*  kimwri,  it.  is 
tl  rtfttnic  itri'l. 

'rtnir  iicid  is  ii  very  iitiBtalile  lompound.  It  is  otitairtL-d  by 
lag  Another  i;uiiip"iiiid,  <'ifinmrii'  •>•■«/,  which  hits  tb<<  iamf<  cr>ni|>oei- 
hiit  Llirw!  tirawt  ihe  ihijIhi  weight,  HaO^C^Ng.  I'runi  thi!  vapour 
liti  •ubstAucu  there  is  dcjiosited,  in  nccord/inco  with  the  law  of  the 
'f  lh«'  imm.ilile  fonns,  not  ihc  sljvlilc  cynTiuric  »cid,  hut  thi" 
-f  a<i'J,  Hl.K'N.  TIr'  twjuloiisHlinn  of  this  rnmiMtUn'l, 
Mrt,  iniiftt  In-  tHriii'd  mil  at  ns  low  »  tompurAtiiri'  nf>  possiMc,  for, 
[eiitly  hc*tiii};.  cytoiic  'wi'l  t*  convcrtod.  with  Blnin^  dovt-loiiuH-nl 
«t,  8oiuetimt«i  with  ejcplosive  violence,  into  more  stjihlo  forms,  of 
i!h  then*  arv  R<-V(-i-id.  It  h  :i  ci>lniirk'«M  liijiiid  with  a  ^Ironj;  smrll, 
nhling  that  i>f  ncetic  acid. 
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In  iiigiieoits  aolution,  nl&o,  cyanic  acid  is  not  stable,  hni  is  qti 
converted,  by  libaoiptiriii  of  walc-r,  iiil«aciil  Ammotiinm  cJtrbuiiatv. 
process  is  represGTited  by  the   following  eqiiHlioii .    HOCX  -  if 
(NH,)Ht'0.j.       For   this   rectsftn,   a  coliitinii   o-f   a   cjaimte    on 
aeidifiaf]  eflervesees  and  evolves  carbtin  diuxiile  as  U  a  carbonite ' 
prtisetit,     After   the   reaction,   an   unimoiiintu   shU   is   present  in] 
sol  iitiou. 

Although  tViimcacid  ia  vory  luistalile,  i.t:.  cj'atianlon,  CNO'.i 
exist,  Jilong  with  hyririori  in   er[uilibritmi,  ihn  salts  of  eyAtuuiioi^l 
cyanates,  are  mostly  very  stiilile  compounds.     They  are  forme 
example,  ivilh  great  readiness  by  (-xiiodng  the  cyanidos  Xv  the  ■ 
of  nj:idisinii  ii^fiits.     On   this   airtwunt,   fused   ijotitssium  cyaniJi! 
[luwarfid  redueint,-  a^'ent,  which  MTlhJraws  tlie  oxygon  from  vari 
metallic  nxides  and  converts  Ihoin   into  metals.     This  rciluctioii  J 
lio  shown  with  esjwcinl  casi'  in  the  case  of  lea/I.  ixriile  and  li^sinulJt 
under  the  liquid  salt,  thw  njetidfi  fiiBB  together  intij  ilrops  whii-bl 
bright  like  raorcury.     The  same  reiietioii  is  tniidtf  tise  of  for  nhn 
ing  cyanatos,  especially  potitasiiini    cyanate,   fi-ora   the   t»invo[niiK 
eyanidca  ;  as  oxide,  pyrolusitR  (p.  ."j.'i),  is  mostly  employed. 

A  spwially  jntercisting  reaction  of  cyanic  acid  U  the  trnn^fomw 
which  its  amnioninni  salt  iindergoes,  and  which  led  to  ihe  synt-be 
mm  (p,  398). 

Ammonium  cyiitiale  has  llie  formula  NIIjOL'N,  and   conuias' 

e  elements  in   thi,'  sivuie  proportions  as   urea,  fur   i'oth  hav-e 
total    formula   CIT^N/).       If,    however,    it    is    attJ^mptpcl    to   prcj 
Aiiitj)i>ij)utii  cyaaate,  urea  is  obtaincil  in  its  place.      In  tlt<;  nie^int 
howevof,  it  has  been  shown  that  true  ammoniiini  fj'aaate  posar 
the    expected    pruporties   of    this   substanco   exists ;    but    it    is 
unstable,    and    iflpidly    niirlergncs    trail sfonnati on    into    the    ison 
<!ompi"anid  ur.?a. 

Tlii,t  rtaelioii  Hikes  phicti  8i.i  aoori  us  the  ions  OCN'  and  NH', 
together  in  a'lueona  aolntion.     On  mixing  any  tyanatti,  r.r/.  potaMiu 
cyanate,  an>l  an  ammonium  Rilt,  ''.;/.  ammonium  sidphate,  in  atiiiecmt 
Bolutioa  and  evaporating  the  solution,  a  residue  of  polJisHJuiu  Bulphali 
and    urea   is   ohtiUued.   which  ean  be   readily  separated  by   lupfti 
alcohol. 

*  Converet'ly,  a  small  amoinit  of  ammonium  pyanatv  i«  formed 
an  jKjueous  solution  of  urea,  eajHocially  on  boating,  so  that  a  (.'b^nuc* 
i-ipiililinuni  i^  oatablishcd  l}otwcon  the  two  isomeric  subatiuiceB  m  i 
result  of  theii"  mutual  convertibility. 

408.  Thiocyanoffen- — II  potassium  cyanide  or  other  cyanide  i 
fiisi'd  with  liulphur  or  a  siilphnr  compound,  or  even  if  a  solntinn  0 
one  of  these  aalts  ia  heated  with  ."•ulpliiir,  the  latter  is  taken  up  sm 
n  solution  of  a  salt  h  obtained  of  llie  compi^ition  MSCN.  in  the  cu 
of  ]M>ta8flinmi  therefore,  KSCN.  This  cumjiound,  which  gives  a  rw 
prnnnuncod    bloixl-red    or  hiown  red  coloration   with  forric  »ilt«,  1 


ipludi 
ledl 


petasnum  Ihux-yinate.   it  is  the  pfitAftsiuni  sail  of  tli Jocyanamoi^ 


oomptjeitioti   of   tbeise   compoiiiidg   is   similar  to  that  nf   tlie 

acid  compounds,  oi«ly  that  sulphur  isi  present  in  iW  pUce  of 

ti.      7'iii,--i/iiiiii-  arid  is  tlistinpuslu'il  frimi  cjnnic  iiciil  liy  its  much 

stability. 

»m  the  Iwinuni  sill,  by  precipitation  with  sulphuric  acid  {p.  293), 

sohitinii  of  ihiocynuic  acid  can  be  ol>tJiinecl ;  this  is  »  very 

tojc)   whoae  «cid   properties  are  ii'>t  ^rejilly  irifcrior  to   tliosc  of 

litoric  n«i(l.      In  thi'  free  etiite,  thiocynniu  acid  is  luiknown  ;  on 

ag  t<i  pre|ttire   It,  a.  rather  complex  deeotiipositinii  ntcurs  in 

carhon  oxyi^ulphide,  COS,  is  fiH-nied  (p.  41 S).     TEio  fomiafion 

r'this  liiti«r  rr.mfHounil   tjikes  plnci^  dii-ectly  by  splitting  ofl'  nmnioiiia 

lbs  aid  <if  water,  u  reaction  which  ■can.  be  represented  by  the 

imtaoa   HSCN -^  H^O  =  COS  + NH^.     The  (Jecnnipoaition  occurs  on 

puta:!siiim    thioeyiinjitt!    with    ^i    mcilinm    strong    i^nhttinn   of 

acid. 

rith  regard  t^i  '\U  similiirtty  to  tht  halogi-ns,  thioeyiinanioii,  SCN', 

luitv  Anulogoii^  t-o  cyuii»iiiou  ;  it,  ulao,  ^ive«  inth  tirgontion  a  "white 

jilate,  which,  in  its  external  appea.rance,  eanuot  1io  distin^uisfa^d 

tcdlvcr  chloride  or  silver  cyanide. 

Corresponding  to  tlie  ijitstous  cvanogcn,  liowover,  tio  thiocyitnog'eu 

i  known.     Then;  are  siibstiintcs,  it  is  trnc,  whith  havn  the  tomposi- 

JiCN,  liUL  thfiio  fire  cortfiinly  pislynifrie  compoiiiids  of  the  fomiiiliL 

wbere  n  is  »  iiiiml'cr  probably  greater  tliiiri  -l.     They  belont;, 

Ut  quite  iiiUlforent  group  nf  subetariuee,  which  aie  gcntmily 

in  ot;ganii:  ch<"mistry, 


CHAPTER    XVII 


MILliii>N 


409.  General  Kilk'ou  stands  to  carbon  in  tfaiO  same  ivlatioii  as  eulf 
to  oxyjien.     Thu  two  dements  are  siiaiJfir  in  many  respects,  but  dl 
more   from   one  imother  than,    for  essriiple,   L-hlorini-",    breiminp, 
iodine  do. 

Silicon,  like  carbon,  occiii^s  in  sert'ral  forma,  of  wliicti  an  am 
and  a  iri/sliiiliii''  form  arc  accurately  known.     Amorphous  sill* 
obt;iiiied  by  conducting  its  chlorine  or  fluorine  com|K>uniT  nver  he 
|iotns3iumj  the  motal  niiit«£  with   the  h.*ilog«it,  and  rhe  sili^'Ci)  n\ 
free.     The  Boliible  (potiissiiim  salt  formcil  i*  ronioved  by  ivnebing 
wat(^r,  and  the  silicon  is  left  behind  ii.';  n  j^rieonish -brown  piowHcr, 
is  araorplious,  Hint  bus  the  terfdency  to  jiass  into  tiie  collnidal  »lAte; 
thurefore,  the  wishing  is  coiitiinied  to  a  certnin  point,  iho  silicon , 
into  a  sludge  ami  begins  to  \iass  Uirou^h  the  Alter. 

Amur|)hou3  silicon  is  more  eneily  obtniheil   by  heatinf*  its  oxy 
con ijiou nd,    finely    ]n>wilere(l    q^uartz,    with    ituiifureinm    jKnrrler. 
magnesiinn  combines  with  the  oxygen  of  the  BilitifkM  dioxido,  forn 
mugnesimm   oxide,  nwi    the  silieon    is   libenited.     The   hiltur  can 
obtjiined  [uire  by  oxlnicting  tht-  product  with  dilut(?  aeid,  in  which  I 
niHgnesiiJin  oxide  but  not  the  silicon  dissolves. 

At  a  high  tcmpenitiirii,  silicon  melte  ;  and  on  solidifying,,  crystallj 
silicon  ia  formed  iia  n  grey  masa  with  ii  metallic  Instre.  The  crysuU 
lion  is  gTL'atly  fiicilitftted  by  the  addition  of  &  metJil  siieli  as 
tlie  zinc  can  be  reniovod  by  treating  the  pioduct  with  (lilmtt  uctd& 

Avi'*rjihi*ns  sibco-n  can  ho  set  on  fire  in  ihf  air,  but  ils  eombi 
is  very  iucontplete,  Wcause  the  non-volatile  &ilieon  dioxide  fo 
jjrevenu  fiirtljer  combustion.  Crj/slrjlliM  si/icon  does  not  notie 
cha.uge  in  the  iiir  even  ut  n  red  beat  Silivon  i-s  soluble  in  cam 
soda  nil  hoHtin^,  the  silicon  thereby  taking  up  oxygen  from  the 
and  pnssing  into  an  acid,  silicic  add,  or  rather  into  its  eodium 
The  hydraj;en  of  the  water  escapas  as  a  gaa. 

The    combining   freight  of    silicon   has   bt'cn   doterniinetl   by 
analysis  of  its  halogen  coniponnda,  and  amounts  to  Si  =  2S-4. 
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Bllicon  Dioxide. — By  far  the  moat  imporUTit  coiupoiind  of 

jjii.'cK  -iiuri'lt  or  the  -i n h i/tlruU  of  siiicic  :i«i(l.     It   hfts  the 

iiOg,  «r  iL  ii)ii]ci|ile  of  this,  ami  occurs  in  enonnniie  (jifitntities 

I  both  in  ihe  frt>fi  Btfite  and  Jis  salts.     Tlie  largest  i>ai-t  <if  the 

face  is  comiwai'il  of  silicon  Jicixido,  or  of  its  compouuds ; 

of  th(i  iiolid  cinist  of  the  earth  is  forniwl  hy  silicon. 

dioxide  occiira  in  several  varieties,  two  crystniline  and  one 

lous.      It  is  most  vvidelj  lUstribiitwI   in  the  crystnlliiie  form  na 

rock    cn'stai,    anieth^et,   smoky   ijliuU.      Tlicfic    luid    viirious 

ninentfi  JLpe,  chemiiMilly,  tho  same  eubstarR'c,  and  Jippi'xr  to  he 

A  only  by  re&snii  of  the  impurities  to  which   the  (litffireiice  in 

due. 

>ureet  (onn  ie  roe^  crystal,  which   cnatallisea  in  six-sided 
is  colourless.     The  cryecals  |joases6  thti  property  of  rututiug 
^o£  polaj-jaed  light  ivheii  this  is  pikssed  tbroiigh  pttnillnl  to  the 
am.      Ill  some  crystals  the   rola- 
tright,  in  olliers  to  the  left,  rind  the 
\ihe  rotation  is  closely  rekteil  to  a  nne- 
logrxpliic   formation,   liy   nieAne   of 
nnil   left   crystals  c;iii  also  be  ilis- 
The  ditl'erence  is  seen  in  the  hemi- 
(Fig.    106);    a    right    .■itid    a    luft 
no    more    he    aupei-])osed    on    one  ^-j,,,  ,|„|, 

in  can  It  right  mid  h  left-hand  glovo. 

rock   crystd    iw   clear   as   vater,   emoky   topiia,  or,   Iwtler, 
(rtr,    IB    hrown    to    black,    amflfit/sf    violet,    ordinary    '(Vtirtz 
iimI    turbid^      There  aro   alsu   yellow,  rose-red,  ^nd    other 
ietiesL 

fionna  a  coiwlitneut  of  imuiy  rock«.  especUlly  of  gmnite, 

By  the  action  of  witier  mid  carliurn'c  iicid,  these  njcks  are 

xi  vtM  AS  piLrtially  changed  chi-mic«liy  i^i-nU  injni),  anil 

groins   are    left    detached.     These    are    borne   away   and 

by  the  river*,  and   finally   reach  the  sea  in   the  form  of 

On  the  sea-hottorti  ilie  s:iiid  masses  frequently  become 

by  means  of  a  binding  material  (liinost'ine  or  irnn  oxide) 

naiiihkmc,  wbieli    furms    extetisive    mimiitnin    rangefl 

quartz  priiina,  has  been  so  formeil. 

the  density  2  tiO.  and  a  hardness  7,  i.e.  it  represents  the 

grade  after  the  diiunond.     t^artz  is  used,  therefore,  for 

Lit  (grindntones  atul  wlietstutiL's^  and  glnss. 

erastaiiino  form  -if  silicon  dioxide  i.<  called  Ifvifmitn.      U 

solely  in  niicn'scopic  trysttds  as  a  constituent  of  rocks, 

dense  Ihan  <|iiarta  (2'.'t  ns  cumparcd  with  2"l>li). 

silicon  dioxide  occurs  as  a  minenil  in  vai-iou'i  rocks. 
spread  uinl  best  known  form  i^^  f*nt,  which  forms 
in  chalk,  and  ie  colonrwl  by  organic  siihstaiices,  yulhiw, 
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brown,  or  blaclt.      It.  is  hut  slightly  inferior  to  i")unrtz  in  haniii 
by  reason  of  tts  coiiclioidiil  fracture  slittrp  edges  can  easily  be 
on  it.     Ill  pieiiiatoric  liinea,  when  tlie  methods  of  ubtaiuiiig  und 
ing  motals  were  unknown,  this  njineral  was  used   for  making   knl 
Kxvs,  und  arrow  hends.      It  is  the  atone  which  was  chiefly  cmpli 
in  tlie  "Stone  Age." 

Another  form  of  amorphous  silicon  dioxide  is  opal.     CIialcLidi 
jas])cr,  titc.,  which  were  formerly  regarded  as  amorphous,  ar«  "ci 
cry  6  till  lino,"    i.e.    are    i;omposed    of   yery   small    crystals.      A*wsr< 
(diatomaceous  earth)  is  a  fine  powdiT  consisting  of  the  shells  of 
oi^anisms  (diatoms,  etc.).      In   chemical  o])era.lio]i8,  silicou   diosJde 
usuidly  obtiiiaed  jtmorjihoiiB,  and  it  is  not  very  easy  to  caii^>e 
crystallise  ;    nevertheless,   both   crystalline  forms  have   already 
iH'liticially  prepared. 

The  amorphous  VHrieties  readily  dissolve  in  boiling  cAU&tic 
with  formation  of  ^alta,  hut  the  eryetiillirie  forms  are  scurcely  ailac 

The  multiug  point  of  silicon  dioxide  is  no  hii;h  that  the  hitujr 
not  raeEt  in  the  ordinnry  (ire,  but  does,  an  in  the  oxybydrugeii  tlonti 
It  then  form^  a  vi»(uim  liipiid  whi^^h  looks  liko  fused  gluse,  and  as 
lie  lilown.  In  i-eeent  years  veseols  have  been  made  of  this  arawpiiflOl 
"i|U«.rtz  gliias."  On  aceount  of  their  small  coetHcient  of  exjm 
with  heat,  they  can  he  aubjected  to  sudden  chiuiges  ot  tempei 
without  oriLckitij; ;  thi-y  are  alao  very  reaistiint  to  chemical  atli 

411.  Silicic  Acid. — Silicon  dioxide  ia  the  anhydride  of  un 
silicic  acid,  or  rather  of  a  whole  series  of  acids  which  can  l>e 
pounded  of  the  clameiits  of  silicon  dioxide  and  water.     The  fel 
are  similar  to  those  obtaining  in  the  case  of  tho  pho&phoric 
more  diverse. 

Aa  extreme  member  of  tlie  aeries   of  the   dilf'ereut  silicic 
there  may  be  regarded  the  telrahnsic  nrthosilicic  acid,  Si(Ori), ;  Si 
2HjO  =  Si(OII)^.     It  is  not  known  in  the  pure  atati',  but  in  lUe 
of  ils  salts. 

IV   loss  of   water,   it  passes   into  the  dibasie  acid   SiU(OH 
corn|H)sition  of  which  curi'aspoiids  to  that  of  carbonic  acid. 

Uther  silicic  octds  arc  formed  by  tbo  union  of  «ev«ral  om 
weights  of  the  orthu^icid   with  loss  of  water.     From  2Si(0U), 
ate  formed  .SijO^H,,,  SigO^.H^,   Si,,Or.".r      '^  "  similar  mnnner, 
sponding  "  pyro-acids "  can  Ik-  tlerived  from  several  combining  wi 
of  eilicie  ucid. 

Unlike  the  phosphoric  acids,  the  different  silicic  iicida  tann 
distinguished  from  one  another  by  any  reactions ;  that  these  t 
types  exist  can  be  concludeil  only  from   the  existence  «i(   the 
sponding  salts  which  occur  n.itnrally  in  the  crj'stalline  form. 

Thcae  salts   of  silicic  acid  or  ailicatea  are  all  practically  in 
in   water,  with   the   exception    of   the   silicates  of  the   alkah  nn 
which   can  be  dissolved,  iind  whose   solutions   bear  the  name  of 


acids.  I 


diir« 
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These   salt»  ue  leuilily  oUuiiied   by   fusing  ({iLarlz  with   Lho 
•    ir  carlionatfM  of  the  ntknli  metals.      From   these  aohltions, 

I  -  >'ii|  «»n  lie  s«t  tree  by  rjtJior  iicids. 

H  i-h*?  mixing  rif  an  alkahnij  silioiite  with  Jioid,  c'/.  hytirncliloiic 
,  be  cairriod  out  in  cuucoDtruteU  i^oliitioii,  the  ailicic  iLiid  ecpciratea 
in  friable,  geUUiioits  musses.  If,  however,  dilute  saiutioDs  are 
toyed  «n«l  an  excess  of  Jidtl.  no  pi'i-ci'pitatioii  is  obtained,  Ijut  the 
tion  ratoaiiis  clear  iind  H]){i'LireiiLly  uiiutuuigt!!!.  This  lo<iki4  as  if 
nlicic  Acid  were  ditliciilt.!y  soliible,  ao  that  it  is  imrtially  prcri- 
itetl  trum  cont;eniraLe(l  soliitinns  wlidt!  it  rumains  liisBolved  in 
cb  waller.  This  is,  however,  not  the  ciiae ;  the  aoliiticiri  of  aiLitic 
i  which  («  formed  is  no  true  solniion,  Imt  ihe  silick-  jLcid  is  present 
Itc  caUvitJal  staU'. 

This  in  seen  wlii'ii  the  Iii|uii1  is  subjected  to  dialysis,  i.r.  when 
B  plaeect  in  n  \e«Kel  whose  \\'ii.]\s  are  fonrifid  entirely  or  partially 
imirhnn'cit  paper  or  of  bhidder,  .ind  the  vessel  placed  in  pure 
lex.  The  Siilt  which  is  formed  und  tho  excess  of  actd  then  p«jjs  by 
tenon  freely  tbruu^di  the  meinbiimo,  whilt;  th^  siliuii;  acid,  like  al! 
kodal  Auhfitnnces,  is  retained.  If  the  ex[)erinient  Is  ccrntinued  for  a 
mW  of  diiys  with  frequent  renewnl  of  the  wuter.  all  the  salts,  as 
r  M  cut)  Ixr  dete^ctt-d,  will  finally  ililTusG  away,  and  the  eohltinp  in  the 
ilyacr  will  contain  only  ^iltcii'  acid. 

b^bs  nilicic  &cid  elbows  the  cburact-dtistic  propertie!*  rA  "colloidal 
Hma"  or  "iMOudo-soliitionB."  On  evaporating  to  dryness  no 
fiuU  lue  fnnuod,  but  thero  is  left  an  ntnoi-phoiis,  gliig?y  msss 
hicfa  only  incomplet«ly  re4liaBoh'eB  in  water.  Boiling  and  freezing 
wnt  differ  only  exceedin|i;ly  eliyhtly  from  those  of  w;iter ;  fpacial 
Jrmical  re;w;tions  cannot  be  d-'tcctcd.  By  iiddition.  of  vtirtoiiH  anl)- 
inc<s  -:«jKci»iIly  vf  s*i]ts,  the  li'iuid  soliditiei*  to  a  jelly,  espemlly  if 
hu  ixNjn  somewhat  concenlraivd  by  initfKjration  in  the  cold. 

I«  nfitiire  ^lieic  iic'id  oectirs  very  often  in  such  a  form,  It  getB 
utoilio  natural  wuWrs  from  the  jiilicales  when  these  are  ilecomixised 
ly  arbfiiitc  iK-id.  Under  sitititbl*  conditions,  the  silicic  acid  cryatal- 
inei  fium  aucb  Bulntiotis  :  sinok)  (|niirt)%  eapocinlly,  haa  prulsibly  beun 
iimn]  in  this  waj^.  F,>r,  since  it  owes  its  rolomlion  to  oi'gjinic  bu1>- 
'ttmxs  which  arc,  drsiroyed  by  ignition,  it  miisJ.  liava  been  formed  at 
I  iiiw  utmperaturc,  and,  dnring  the  period  of  its  pxiHtenci%  can  never 
li"B  Ucn  sniijccted  Ut  a  reil  heat.  The  way  in  which  it  occurs,  also, 
^Dtim  its  fiirraation  from  Bofiitions  proliabla, 

^licic  will,  or  i|uartz:,  is  extensively  ajiplied  in  the  arts.  Sftiid- 
"•nfHf  ii  a  gwatly  value*]  hnilding  mnterijtl,  because  of  ita  Iming  wisily 
■nW  «id  resisUuit;  '[iinrtz  smd  is  use*!  as  ;tn  inidition  to  nmrtar 
■ttil  for  pindinj;.  By  fnsinj^  iiiwrte  with  the  carbonnte.s  of  the  alkali 
Wd  ftlUhiK-  earth  metaia.  amorphous,  transparent  maasea  arc  obtained, 
•hirli,«i-  yUiiv,  (ind  very  manifold  application.  Colourless  rock  crystal 
i»  iiwi  u  K  (iheap  urnatnonlal  stone,  and  also,  on  account  of  its  i-otating 


428 


PRINCIPLES  OP  INORGANIC  CHKI 


the  plane  of  polurisBti  liyhf.  «nd  of  its  iransjwiri' ncy  (nr  light 
wnve-lengtlis,  in  the  L-oiistnietionof  optii^il  iiiBtniiaentiS.     For  sf 
glasses,  also,  niiarlz   is  iiseti,  since,  on  aL-count  t>i  its  great   h»r 
it  loses  thf  iitiUsh  lews  eit-iily  llinii  glaee  lenses. 

412.   Geological  Reactions. — Of  all  cheuiiml  processes  (ktiip 
on  tlie  liai'th'a  surface,  the  interaction  of  tiie  natuiiiUj  ufcnrring  ailia 
with  wilier  anil  i:ar'bonic  ucid  is  iLe  one  wliicb,  i[iiaiiliialiv(_'ly, 
pie-eminent.    The  piimitivo  rotks  of  the cartli  wtre  essentially  oiJic 
tlie  carbon,   in  ;ill   probibili ty,   w<is   present   as   carbonic   atid. 
correspond  a   to  tlio  eqmliljriuni  at   comiKiralivfily  liigli   t^mperaM 
which  iniist  be  Jtssuiiied  lo  Iiave  prevaik'd  orij,'i!iRlly  on  the  tartb. 

At  lower  teiuperntures  the  *4Uilibriam  chang^a  in  such  a 
ihnt  cwbonic  atiil  displaces  silicic  acid  from  its  salts.  In 
words,  a  Byatem  consisting  of  oirbanattji  and  /rw  silifk  acid,  or  i 
dioxide  ia,  at  lower  temperatures,  more  stable  tlian  thf  eyit«m 
dioj-U,'  and  sUictiie.  For  this  reason,  the  siiicatos  nf  tho  vn 
primitive  rocks  are  subjected  U)  nniiiterriiptcd  cliemical  rhangt^i 
which  13  added  a  nieehimtc-ftl  disintegration  by  tbo  aclion  of  w»wr,i 
chan^'ing  tcnijjtiratiirc,  and  of  the  wind.  The  conseipiencc  of  tliiij 
that  tiie  silicate  wbic;h  are  decomposahlft  under  ihe'St?  circiimfit 
are  transformed,  the  aoti-deconipos.able  are  disintegrated,  ami  carl 
are  formed  from  the  constitiitMitd  of  tli«  transformed  rockn. 

The  silictitcs  of  the:  nikiili   metalH,  cBpeciBlly,  imdtrrgo  ihia  dc 
position.     These,  it  is  inio,  do  n-it  oeeur  in  the  fr€c  state   in 
bnioijly  as  double  silicates  romliitied  with  the  silicatce  nf  nlher  mil 
They  iH^eome  iheiTby  mure  etaiitfl,  but  still   not  ahsolulely 
and  are  therefore  decomposed. 

Tho   ions   of  the   alkali   metals   pass   into  llie   watore   as  tAi 
carl>oiiatea,  and  are  pjtrtially  rcitoincd  in  the  soil  by  abnoi'iition. 
retention  is  sjweially  grftitt  in  fuUivated  soil,  where  it   is  eoiiditlc 
partially  iit  least,   by   the   presence   of   orjicanie  ftuIiBtanteB.      Ant 
]>orti(jii  passes  on  into  the  ^ea.     This  is  also  tin)  dfalination  of 
alkiiUne  eai'th  iui;tul8»  which  are  thci'O  deiaisited  chtcHy  as  carbon 

Of  the  dissolced  ailicic  acid,  a  eoiieidemble  |mrtinn  also 
the  sea,  and  is  thurc  titiliaed  liy  various  aniniala  lor  building  up 
skeletons.  Annltier  p<irlioii  forms  hydraled  iiia<!nesiiim  ^ili'CJitt^ 
the  magnesium  of  the  rocks.  This  ia  a  i:oiiipr>und  which.  UD 
certain  eirciiimstaiieoa,  resista  the  fiction  of  water,  ami  wliieh  i.t  ihl 
fore  formed  when  ita  conetitiiButa  eome  together.  The  cuiiverBiort  ■ 
the  uriyinal  rocks  into  serpenttne  or  steatite,  ae  the  hydrat^-d  (ilic 
of  magnesium  in  called  in  minertilogj',  can  constantly  bo  rwogiitMlI'l 
various  point*. 

Of  the  oiher  met;da  which  occur  abundnntly  on  the  earth's  surfi 
aluminium  also  is  cn|inble  ni  remn.inin^  in  combination  with  sil 
acid,  even  under  the  existing  condilionp.  yiimninuim  fsiiifal-'  is  a  vl 
widely  distributed  constituent  of  the  primitive  rucks.     In  the  dewui' 


IT  WBUr  and  cnrlxtuit  .-ickl,  or  "  weathering,"  aliiminiutii 
i»  is  not  d«(M>uipo:JL'.>l,  Iml  roimiina  as  ilii  amorphoiift  or  <;ryptft- 
^Bne  residue  w}ieii  the  nthei'  i'oiistiLuetits  iiiive  bt'L'n  dissolved. 
^nr  liivt^Iy  iH^nHo)!  niiiss  '\b  uirried  E)y  the  rivers  to  the  seii  if  ll 
^KtrvviouHly  Ik-«ii  tiupuslt^d  ni  lomihini lively  qiiieL  spiit«  as  claif, 
j^^rfA,  or  /mhi.  Oh  the  sen  bnttoiti  tht;  tieposit&d  cl«y  slowly 
«r»  into  sUte  a.ml  nimilur  si-coiularv  mcka ' 
By   meAns   nf   ihcsc  vtinVnis   iraiiiifoi'intttioiis,  ii  one-sided  ^-hujige 

•  |iUc«  in  the  tuiiipoaitiou  of  the  c^Li-th'a  crust,  iho  tLMidency  of 
lb  is  to  more  and  mare  iiiLTetLse  the  amoiinC  of  cavhon  in  the  t'omi 
■Icium  aiid  magnet  inn  I  carbonntc't  while  the  silicic  ctcid  which 
tv  biw)  fnmied  m\u  with  Uieae  metals  is  8eparau>d  in  the  free 
^B  iiy  this  |iruL'e«fi  the  »titou:iit  of  caj'boii  dioxide  in  the  uir  luiist 
^■■rly  btfi'ume  less.  By  the  combustion  of  fossil  fiitil,  it  is\i'iie,  a 
m  amount  of  the  carbi>[i  vklijch  had  lieen  long  i't«moved  fram  the 
it  spun  ^ven  bnck  to  it,  uud  in  i^oluted  locniities  where  volcanic 
ritjr  •jccuTE  ftt  u  cum[Hinitivcly  itinall  depth   below  the  Burface  oi 

El,  the  carliouates  formed  in  the  wet  way  ulso  appi-ar  Ut 
ilttcoinpoeiti^ii  as  a  i:onse<iuence  of  the  riee  of  tomiraniturei 
icat«d  hy  the  stresiming  forth  of  t^arljonio  at-iil  ut  the  places 
itioned.  i>till  th^sc  amoUnU  of  carbon,  vfhi<.'li  iliu  u^aiu  put  into 
nUtJOD,  aro  prukibly  much  lesii  than  the  nniounts  which,  in  the 
a  iA  eariwdates.  are  withdrawn  fi'om  tirciltation. 
Ji  wo  consider,  now.  that  all  nrgaiiijims  must  have  recourse  to 
Ml  for  the  huildin^  up  of  their  bi>tliiis.  we  see  that  the  slow 
ibnuioii  of  the!   Liaioiint  of  Uoating  earbon-capitd  which  is  tjikiug 

•  oo  the  ifurface  of  th«  cHrth  niU^t  pxi^Ticise  a  ^reat  inflaence  au 
4Mialding  of  life.  It  can  lie  reg.irded  as  highly  proljahle  that 
|Bpii)nriy  tliffei-ent  state  of  nfliiirs  which,  as  luay  U-  concluded 
Bvd  iavt^sti^-atiGns  of  the  ^colo^iits,  prevailed  in  former  periods, 
n  doe  to  the  influence  of  the  Utget  amotrnt?  of  carbon  dioxide 
■  prawnt  in  the  air,  and  that  in  the  future  also,  organic  life  will 
(■go  fuiatton  in  aiich  a  &SD&e  that  the  continued  ditnihtition  will 
tnrt  in  n  tiiiitabU'-  m^uiui'r. 

(13.  Halogen  Compoucda  of  Silicon. — When  a  mixture  of 
con  dioxide  and  tdt^icoal  is  stron<;ly  heated  in  a  current  of  dry 
^M,  d^'( imposition  tak(>R  place,  and  there  is  obtained,  be&tdes 
^|p>onoxide.  a  volatile  sub^uuice  which  analysis  and  vapour  density 
IRb  have  the  composttion  SiCl,.  The  reactiou,  thi^refore,  takes 
iM  in  acpiirdniicc  with  llie  eiiuation  .SiO„  -t-  2C  -^  2C'1„  =  SiCI,  +  SCO. 
-  neither  eiirlion  nor  ehlorine  alone  can  liecoinpose  sUicAti 
decomposition  can  be  effert^^J  when  both  siibsuince.s  net 
The   rejuon    of    this    is    lliat   by   the    simultaneous    action 

titiciiin  ckutin^  III  Ibe  trapiirs.  a  di^coin position  ut  Ihv  uluiiiiQiiim  KilicKtu 
.  M  UiKt  tliB  siltdc  suiil  it  removeil  ami  tiluiiiluiilut  liyUrotide  ratuaJiiH 
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af  the  two  giLb5t4»icfiS,  products  uru  formed  which  are  iniii;lii 
ataljle,  or  contain   uiiicii  less  fn;fi  energy,  idau   wliuii   ilic   siibst 
act  seijiaratoly.     F^>^  thlfirine  itUxit?   would  yiuW   free  oxyycn 
with  fiilicoii   ciiloriiie  ;  chiuToiil  alone,  free  siljcon  along  with  ca 
monoxidp ;   whoreSLS,   when   they  at-t  Uig^ethoi;   the  fofmaUon  of 
-stanretj  wflh  a  la.r^e  amount  of  energy,  such   as  iixygen  and 
is  itvuided.     Oi  the  jiiinciple  wliich  forma  the  baaia  of  thin  ii 
use  is  fiequenlly  made. 

t^ilL'on    (.'hloridii  cn.a  hIso  be  obtained   liy  thfi  action   of  cbti 
oil   itniior|jhniis  silicon.     It.  is  a  Limluii rl«fin  InjiiiM   which   tioils  ai  ■ 
and    has  the  dmisity    I  "a.      In    tudisl  jiir  it  (imies  strongly,  sir 
ia  very  readily  deconiEWJsed   hy  wat«r  to  hydrogen  thhiridc  and 
add:  SiCl,  +  ■1H,0  ^  Si(OH)j  ^  4HCI.     This  reiictiort  shows  it  14 
iho  chloride  of  silicic  acid. 

-  If  silit^uiL  in  h»ju>od   not  in   11  etii'rent  of   chlorine    but   iit   one 
ht/droifr-n-  fhlmi'f':,  t.lie  latter  is  dticoiiijiiiBed  and  a  t^hlnrine  L'iim|>oitni|j 
silicon,  which  iilsi*  contains  hyrlrogun  tmd  hrus  the  eontpi isition  Sil 
is  formed.     On  accouiil,  of  thu  similarity  of  this  foruiiila   l4i 
chloroform  (p.  i05),  thft  siibatance  has  been  nulled  ■<iliar-''JUarrtf'orm, 
is  a  colourless  liijuid  whii:b  looks  like  silicon  chloride,  nnd,  like 
it;  also  d(!com|iosed  by  water ;   it  boils,  however,  somewhat  lower, 

at  as. 

Corresponding  to  these  chlorine  compounds,  there  are  also 

and  iodine  eompoiind»  winch  liavi^  an  annlogmis  composition,  and  wi 
in  accordance  with   the  gencnil  nde,  have  higher  boihng  j)oiats 
UiLt  chlorine  compounds,  hut  which   otherwise  behave  ijuite  simit 
and  are  obtairiE-d  in  a  .similar  manner.     Silicon  iodide  is  »  suttd  all 
ordinary  tcmpera-ture,  and  passisa  into  a  liiinid  i>nly  at  I  20  , 

41-1.  Silicon  Hydride,— A  compound  of  the  cotuiiosition  Sil 
obtained,  uiixud  with  mnch  hydrogi;n,  when  uia^ncdimi  eiiriuun 
Bilieun  is  dissolved  in  hydrochloric  acii).  tSinee  it  tan  he  liqu 
ranch  more  easily  than  hydriigen,  It  can  be  obtained  pwre  by 
autiieiently  strongly.  It  possesses  the  property  of  igniting  spont 
uusly  in  the  air,  and  owing  to  the  formation  of  gmuk«  rings  uf  *al 
dioxide,  it  gives  rise  to  phenomena  which  are  ipiite  similar  tw 
which  aru  seen  in  the  tinae  of  hydrogen  pho6|ibidc.  Its  bchavifl 
also,  with  rc3[H)Cl  to  the  dependoncc  of  the  spontaneous  ignition 
the  density,  appears  to  he  similar  to  that  uf  hydrngen  |>hosplnde. 

\^'hereas,  therefore,  in  rcsjhect  of  the  formula,  silicon   hydride 
mothanc  (p.   104)  are  tq  be  regtirdod  iiii  aiujilar  compounds,  they  exl 
very  great  dill'erenccs  in  their  chemical  properties.     Similar  dtfTer 
iire  also  found  in  the  eaae  of  many  other  compounds  of  cartam 
ailicon  of  analoiions  comjiosition. 

A    hydrogen    compoimd    uf    Bilicon,    Si„H,„    analogous    to 
(p.  40H),  is  also  known.      It  is  a  colourless  liiinid  which   boils  at  I 
and  freestea  at   -  3  '4  .     It  aleo  L-ikes  lire  spontaneously  in  the  ttir. 
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*l-"'-  SUicon  Fluoride, — With  Hiioriiie  also,  silicon  eiimliiue^, 
ig  a  ronip'iiiri<l  vi  ivimlogous  com]io»itiori,  SiF^,  which  at  tlie 
•y  Win penvt lire  is  a  gas.  This  compound  id  veiy  fusily  ob- 
by  allowijit;  Iijiiro^ii  Huunile  to  act.  r<n  silicon  diifxiJe.  Since 
4»0Ofiipo8e(l  by  wiittT,  litihjilnitiiip  agents  mnal  be  add«<it  to 
the  action  of  the  water  which  is  formed  in  the  process.  Tbis 
GJmply  iwcninplislieil  \\y  troitiny  :i  mixture  of  silieuii  dioxide 
aalitie  (liinrinc  Lonipnimd  {f-.i;.  Hnor-.s^ar  or  cHlL-hiin  fiimridc) 
1  excess  (if  cut  141611  irnled  sulpimrii.-  iidd.  Iti  j.lafe  of  silicun 
any  eiUvate  ciin  he  titk«n,  since  tiie  hydrogen  Huoride  which  is 
«cU  in  the  same  v/a,y  on  all  siliuates. 
Thia  reactiou  ig  of  great  iiniwrtiince  aiia.lytiL'atly,  aitiL-B  it  gives 
means  of  Urintting  into  solution,  and  thcruby  jniilcint;  nceesailjle 
lysis,  the  nutural  iind  itrtificiiil  siliuatts,  whiuh  utlienviso  show 
rettstAnce  to  chemioji]  aL'Ctoiis.  For  this  [jurpoHa  the  siiicJites  iiru 
witli  etrong  hydcoElnoric  ucid  and  evaporaled  at  u  gentle  hi!3t. 
tluB  process  a  [iliitimim  dish  inust  be  used,  as  vcsaels  of  uliier 
,1  are  attacked.  The  silicon  fluoride  passes  off  in  proportion 
,H  i*  fnrmed,  and  the  metals  present  are  obtiiined  aii  fliioridos. 
thoK  wouhl  give  Ix'tLirr  in  the  further  tinnlj"si.'s,  tin:  evapoiulion 
ilctdl  with  thf^  n,chlitiiin  of  .snljihuric  scii),  tht  tlnoiides  tSiereliy 
into  sulphikles. 
1  fltioridc  i«  rt  gas  at  the  ordinjiry  tem]ier;it.ijrc,  and  pas.ses, 
Uie  influence  of  pressure  aiid  ooid,  into  a  lt<|Uid  whi^h  boils  nt 
-  100. 
la  rttntact  with  water,  silicon  fluoride  aleo  undergoes  change  ;  this, 
'ollows  a  somewhat  diiferont  <?oui-sii  from  thhl  in  the  case  of 
liJiIogen  compounds,  Iiistcid  of  simply  yiddin;.'  hydrogtMi 
uid  fiilicir  acid,  an  intermedi;itt  |Jr^)dnc^  liudrofiitosiiick 
farmed  aecurding  to  the  equation   .^SiF, +  4HflO=  -H,.SiF„  + 

'«■ 

the  -Milieii"  hcuI   s^jparates  out,   the  liydrofluoBiJicic  acid 
in  wal«r  and   impuria  to  it  an  acid   reaction.      Where   it  is 
to  obtain  tht?  hitter,  it  k  ox|jedieiil  to  add  so  much   hydro-i 
•cJd  to  the  liijiiid   thitt   the   .silicic   ncid   which   separates   auQj 
pa»Qs  into  qnhttioii  ngain — 

Si(OH),  r  6HF=  ll,,SiF„+  4H.0. 
rieM  uf  acid  is  thereby  inc-reased  nml  the  troublesome  filtmtlon 

SiiiLc  thi:  ailicic  iiL-Id  whidj   is  formed  would  aoon  atop  up   the 
f«7  tube,  it  is  neeeasary  uilUer  u»  use  .-ui  inverted  funnel,  through 
cb  tbe  gas  is  allowed  to  pasn  into  the  water,  or  the  delivery  IuIhi 
I  Bade  In  open  under  the  surface  irf  n  layer  of  mercury  placed  at  the 
of  tbfl  visssol  of  water  (Fig.  107). 
HytlruHuumlicic   acid    is    known    only    in    ai|u«!Oii>t   xolutiun.       On 
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eva|iuriiting  such  ii  Boliition,  the  acid  pnsses  ojff  entirely  ;  and  H  tfai 
evnpnration  is  cMimod  out  ip  ii  veaael  of  gliiss  or  of  porottlu'ii.  ti 
ptclied  spot  is  liiwliitcJ.  This  is  due  to  ihf  did  that  thi*  bydrofiiii/ 
silicic  ackl  docomp'tsc*  into  sili^•oll  HiKiride  and  hydrofluoric  acid  n 
proportiitn  as  llie  solution  liiaea  ivater ;  the  Ibrrner  escapes  i»s  a  gas.  wJ 
the  hydrofluoric  acid  exert*  its  usual  etching  atition.  While,  therefor*, 
n  sohitiun  of  hy^irofltiosilicic  ncid  ilocs  not  itself  i^tUck  gloss,  it  dnos-i 
if  it  ia  i;vii|K)rfitod. 

•  On  tbcae  chemical  iirocesaoa  dt'ciorids  the  ffrfiintf  of  fiiiinf,  wimi 
eenes  not  only  tar  the  oiiLamontatinn  of  objects  of  daily  iwc,  luti' 
still  nioiv  ini|Kirtarit.  in  the  mamLfin.:tnix'  of  scientitic  apparatiiSv  lit 
}(laas  Hiirfaci!  is  liotitod  with  wi»x,  resin,  or  other  substance  cajiable  it 
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withBiiindiEig  the  action  of  hydrofluoric  ttcfd  for  some  time,  and  i 
coating  is  tlieti  reinovefl  where  necesaiu'y,  the  atu'facc  of  the  ^Iasa,  on  I 
sBijuent  treatment  with  hydrofluoric  acid,  is  iittacked  at  all  thoss 
which  are  uncovered,  whilt-  the  ]>r'ite[;ted  pints  retain  iheir  {mlish. 

"-  For  oxuniple,  in  order  to  graduate  ;i  burette  (p.  139),  a 
tuhe,  on  wLich  the  desired  Volumr  hua  If^in  mcftmired  aS,  vaj 
with  meltad  wax  and  the  necessary  sti-okea  matEe  in  this  ooalm^ 
iiicina  of  the  dividing;  engine.  After  Tuarkinf^  th<j  figures  also,  onicru 
traled  hydrofluoric  acid  is  Wiwhed  into  the  niarlcs  iiud  a^^in  viuhed 
oH'  after  a  few  minntes.  If  th«  wax  ia  then  removed,  the  m&rkB  «t 
found  3A  hollowed  lines  in  the  glass,  hecaiiae  the  liydrofliKirii-  xdd 
dissolves  n  part  of  the  glass  whe-rever  it  oomiw  into  contact  with  lU 

*  The  etching  can  lio  performed  more  cheaply,  hut  not  so 
veniently,  by  first  prapitriiij;  Imi  roil  none  acid  from  a  mixture 
Hnor-simr  and  milphiiric  acid.  The  object  is  then  plnced  oi-rr  lb* 
mi)ttiir<!  and  the  etching  efl'ected  by  menna  of  the  vapours  of  the  uU 
which  are  evolved.  This  requires  a  considerably  longer  time, 
length  of  which  dcpetida  on  the  temf 
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Th*  oldiing  producp-i  hy  the  Vapoura  ia  dull,  while  tlmt  effect 
■'■luid  atid  is  dciif.      Tliis  In  ihie  C^j  the  fat-t  that  iu   the  first 
'h'^  jjftseoiis  Mliwiii  Jliinn<Jii*s<.'iip'efi,  n.iii'1  Uie  i>thercnnstitiioiita 
■  \eii  hi  hill r I,  whilt.<  in  t.ho  s^cniiil  c^ml"  i\u-  glues  is  voidfl 
rti?<l  into  soiut'lo  aiibstttnces  at  the  iMiru  attmckiid.     If  ^P 
<|ilc»us  »ci(il  siihsiances   nre  fidded  which  protluco  a  prijcijiitate 

:.'Itt«s,  eapecUily  llo  alkali   salu  of  hydrofl^ioHe   acid,   a   dx 

_'  ■-.in  also  W  olttJiiiied  with  the  suhilioii  of  thr  adrl. 

'    i  If -.flHiisilifif  Jti:i<l  is  n  iHlKisic  acid  which  forms  loimy  liifficultll 

■     -.iliA      Thus  ih*^  sails  of  the  jdkaii  un'tdls,  more  eapecinlly, 

r    iri:4oliiMe  in  water,  iinil  barium  dlifoHnfirida  is  ao  to  each  a 

'    thnt  it  is  iixed  for  the  aepacatioii  of  hnniiin  in  aimlysis.     Th^_ 

~  CUkble  in  acid  siiluiion  ;  by  «Kcese  of  nlkvili  it  ia,  howev'Ci*,  deci>II^B 

,-  'f-'i   with  fonualioii  of  a  silicate  and  a  Biinndc.     To  tliin  \s  duo  tha 

-  etiliar  Itebji^iour  in  llie  titmtion  of  ihia  nciJ  with   alkali,  •:</.  with 

luxlii;    sod*.      If  This  h^e  in  ndded  to  a,  sohibion  of  hydrotliiogilicic 

1.  !il    >-n1uur«(l   with    Utiaus,  a  blue   eolonilion,   cortainly,   is  prodtmed 

.\n    amount  of  the  alkali  hiis  h«.'eji  added  to  [responding  to  the 

».'--T  of  tbfi  acid.     Aftor  a  few  minutes,  however,  this  e&Iour  ugaio 
'  •  rvi,  and  twice  as  much  soda  can  be  still  added  liefore  ll 
ii..ii  rt-niAiiis  |iBrmrimtntly  hliie.     This  ia  due  to  the  occurrence 
folIi>viiii^  i-eactiiHi  ; — 

Sodiitin  ftnoride  and  tiiltcic  acid  nre  fann&d.      Since  the  latter  do«a  ni 
act  on  litmus,  the  tiliie  coloratinn  occiiis  when  BNaF  are  formed. 

On  tills  b«hii\iour  "if  ihi.*  adts  ni  hydiofluosilit'io  acid  an  arialytical 
^Mttbod  for  thi^  detL^nninatioii  of  tho  iilkali  metaU  tan  he  based,  sine 
tbeae  form  ditfii^ultly  suhiblo  silicofiuoridi's,  which  exptirieuca  the  abon 
deoum|MM>inon. 

♦  10.   OarboruDdum. — Of  the  other  compounds  (if  silicon  we  sha 
■till   iu«ntiiHi,  oil  .Li'ojiEnt  of  ite  t^chiucal  impui'Uaiice,  silinm  rarhide 
carbon  t«ilieide.     This  is  a  gro-enisli  nv  hlntlt -coloured  ma».4  ohuiined  by 
allowing  c»rb<jfi  to  twt  on  ailit-on  dioxide  at  the  very  high  temperature 
o<    the   eleclrii.'   furnace:   SiO.  -  ;K' =SiC -t- SCO.     The   compound  i^| 
■liBtiiiguiiihod  by  il«  Vurj  Conaidemble  hurdnt^es,  and  is  thurefore  uae>i]^ 
in  the  arts  b«  a  (blinding  material,     tn   cheniJad   respects  it  \s  very 
Tdutant,  »\ni-x  it  i»  scarcely  combiuiliblc,  tho  silicon  dioxide  which  is 
Uma&A  corcrin^  thu  surface  witit  a  coating  which  is  imptTmcable  Cor 
OXjryOi      It  (a  alowly  nttickud    when  U\&^\    w]th    caustic    Hodu    wit 
meoBm.  of  air,  sodium  earlHtnam  and  plicate  being  fomied. 

Tccbmcally,  the  subatanuo  ia  cidkd  farlKTUridvm.     Other  iiibcture 
prepared  in  a  similar  niaancr,  hut  containing  more  carbon,  fire  u^mIj 
for  tlic  louuufu^turo  of  onioiM'es  and  for  tirere^i^tiug  stunes. 

2  P 


H^MiFrt  1-  6Na()U  =  6NhF  +  Si(OH),  ^  2H.0  ; 
SiFn"  +  40H'  =  Si(OH)^  4  eF". 
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417,   General. — Among  liiu  [ion- metal 3 te  elieinpnls,  boron  ncuiipia 
rather  iswlatoil  j>ositii>n,  since   the  fiemeiite  most  nearly  rcUti<d 
tnaat  be  sought  !ur  among  the  motiils.  niuaely,  amon"!  the  wiith  lu^b 
On  o.ce<»itiit  of  tLo  i-fOperlieB  of  tbe  free  tkintint  ami  uf  thtiei-  u(l 
com[H)uii<Js,  it  is,  bowrver,  not  exjie'lieiil  to  givi'  boron  a  place  an 
tiie  motals.     It  may  best  he  clnBsud  along  with  silicon,  ftoiu  wh 
it  differs,  however,  in  its  typical  compotirds  having  a  iJiflereni 
position. 

Boron  ia  a  aolftj  substance  which  is  eajiable  of  existing  in  save 
Ji'tferent  forms,  one  nniorfi/it'^i.^  and  at  k-ast  one  on/stallint.     Amorpb 
boron   is  obUiiiicd  \>y  jiiiasiriK  the  vajHmrs  of  tbe  cliloriiie  cotnfiijiiil 
liver  heated  so»!inm,  or,  qiiito   similarly  to  aiHt-on,  by  i^iiini;  tlie 
oxygen  compound  w-itli   nmgncsiimi.      After  tbr   remnvnl    cif   ihr  lul- 
!nixtur»!S,  it  forma  a  bUck  powder  »t  tbe  density  2"5,  which  in  tii!"!; 
reapL-cta  behcivt's  similArly  to  cbai-coiil,  but   is  more   eiisily  uxiilinxLH 
this  OL'Ctirs  mui'e  especially  by  means  of  strongly  oxidising  solutia 
even  fit  the  room  teniptjminrc. 

By  ihn  fusion  of  lioron  tTioxttle  (mWe  infm)  with  nbimiriiuTn,  0171 
lised  boron  ia  obtained,  whii'k,  uu  acconjit  of  its  liardnt'ss.  liii*  !h 
called  '"ii.rhimsi.nline  bonm."  It  is  not  obttiined  iiuilt.i  pur«!  in  this 
but  contains  ahuniiiiiim  deriv<"d  from  its  pre]  i/i  nit  ion.  Since  ttw^ 
iTiRtal  is  the  element  most  neHrly  reliiti.>d  to  lioroii,  the  pi-wliii't  U  n** 
to  be  lookeil  upvn  us  n  comptimult  but  as  a  mi.Muit  (posaibly  iritb  • 
diiimond-like  form  of  aluminium  iunmorphoua  with  hitnin,  and  n^ 
known  by  itself).  1 

Boron  containing  cnrbonj  nnd  obtained  from   tbe  two  n'lemeiifs  ^^ 
ri  very  high  temjjerutnre,  is  of  a  simitar  chanicter,  and  also  posse 
an  adamantine  hardness.     This  also  ought  most  prohsMy  to  bo  wg 
as  a  solid  sobitioii,  and  not  as  a  cbcmical  compound. 

The  two  forma  pivilMibty  stiind  to  one  anotber  in  the  relation 
amorphous  boron  is  niititiible  willi  respect  to  the  ciysudline,  us-  «'lii^ 
phosphorus  ia  with  respeot  to  red.      In  this  easy,  however,  tht 
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efomuition    at,   temperatiireB   below   a>  red-beiLt   is   apparently 
■icmKtimltly  Kniall. 
The  e<)iii  I  lining  weight  of  boron  is  B  =  11. 

418,  Boric  Acid. — Of  the  compounds  uC  Lcron,  the  most  im- 
rtent  arc  f-Ton  triorul':,  BjO,p  and  the  coi'i't!s|ji)ndiiig  hoTt'-  nctd,  which 
e«i  from  the  trioxiile  by  Uiking  ii|i  tlie  elemeuLa  nf  water.  Thfl 
lithig  compound  which,  on  (itiidog^y  wilh  ortbo{iliOB)ihori<;  acid,  may 
«Kll«>d  irrtfiofjoric  arirl,  is  repi-esented  by  the  formula  B(OU)g. 
Ulough  it  is  known  in  tliD  free  stnte,  ^alta  of  the  acid  ore  not 
wn  witli  i-erUinty.  On  the  conirary,  all  known  sails  are  derived 
I  "  coiiileuBLil  "  ai'i'U. 

In  tiAUtre,  iKtrie  acid  occurs  as  ,w.<.Wi/if  in  lustrous,  geneniUy  suuio- 
ut  yfll'jwUh  coloured  sqak-g,  which  liMVe  n  soft  mid  amooth  feeling 
nd  *r*  solulkle  in  wal#r.  Hoi.  water  dissolvcB  a  large  tjuantity,  cold 
tf-  eomjMnttiirely  littlo.  Th«  crude  boric  acid  caii,  therefore,  he 
ly  piiritiwl  Iiy  recryslal ligation.  The  purification  is  still  more 
wearfiUly  ■efltwU'J  liy  converting  the  boric  naif]  into  its  sodiuni  salt, 
and  decomi tnsi ng  ihia.  afti^r  recryslallisjuion,  in  conrenlrattd 
Hhtiin)  with  an  neid,  ".;;.  hydrochloric  iicid.  The  borif  acid  then 
OTiUltises  out  .-ks  white  t^ctlea. 

Bcinc  acid  is  a  very  weiik  iitiM,  whrsc  aalts,  on  fiiasolutkin  in  water, 
«t  Wdruljlicnlly  dissociated.  The  iiqueouH  solution  of  the  at'id  hjia 
4  uvwly  aciil  reaction,  and  conducts  I'lectricity  only  .'dightly  hotter 
thill  pnre  water.  Furthnr,  it  rsTinot  be  titrated  with  ciiualit  aorta, 
Mw  ih.'  ^knline  ro.ici.ion  ia  gradimlly  prixiiiwd  witliont  a  delinJLe 
iduina  Wiwccn  iicid  and  1«isb  beini;  observed. 

Vjn  l>eiiig   liesUi'd,  boric   iieid    losoa  water  ami   passes   iiitni   lioron 
Ibcawis:  2Hj,BU3  =  BjOa  + 3HjU.     Tht  anhydride  fnnued  molts  to  ii 

Ntlike  mass.  udiJch  is  visuouK  and  can  1«  dmwn   into  long  thruads. 
ioied   fiul)aiance  dissolves,  rnrioiis    oxides    of   mctidst    and    cnn, 
rf"it',  1^  used  in  soldcririf; ;  fur  this  purpose,  huwaver,  the  moro 
^•dili  fiiftihif  alkiili  Bidts  uf  horiL-  arid  am  cmiiltjyod. 

Biiri«  at-'iU  has  fairly  iilroiif<  iiiitiscjitit;  dction,  and  ia  therefore  used. 
""tifdicin^  an^l  for  pickling  meat. 

\  very  rcmarkahie  property  of  lx)ri(!  anid  ia  that  it  fs  fairly  readily 
"^tilc  with  steam,  while  ita  anhydride  is  hijrhly  resistant  to  licat. 
A»  *  cdnipsirisciji  with  tha  otluT  iinhydridwi,  f.ij.  that  of  Gulphurie 
Will  *huws,  this  behaviour  is  unnsual,  for  in  by  far  the  gi-eatcr 
■hieWt  iif  e:i»cs  the  anhydi'idos  ara  much  more  ruadily  Vijlatilp  than 
tl»  ti.ivintfs. 

"ii  this  volatility  of  lioric  aci<l  with  stearn  depends  the  method  of 

"l^iiBiug  it.     In  the  voliaiiiic  districla  nf  Tiisgaiiy,  vajwiira  containing 

"'Ti!  Kcid  iKtie.  from   the  earth.     By  first  passing  thesi'  vapoiira  into 

■»'(ranil  Gi'a|>oniting  this  water  at  a  low.-r  (empcratiire,  crystallised 

I  i*  obtained.      It  has  l>e(:n  foimd  that  btiriir  acid  is  compara- 

=  woUtjle  the  more  ■ciinceiii  rat*'d  its  solutions  are ;  it  ie  prob- 
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able  also  that  Ita  relative  volatility  diminishes  with  fulling  tempem^ 
On  thisiieimnds  the  fact  that  horic  acid  dooe  not  vulatiliae  conipU 
vt\.  6Ya.\K)iaiiii^  its  solutions. 

AVitli  the  vajioiur  of  alcohol,  "boric  acid  is  still  more  reatljly  vc 
in  this  ca3e  it  is  the  formation  of  n  canjj)iiiiiiil.  nn  ester  fp.  J07|, 
effects   the  volatilisiLtiQn.      If  the  alculml   is  set  cm  Urc,   the  fini 
coloiircfl  ifi'i'/^ti  liy  the  volatile)  ostor  of  biiric  aH<l.     This  jihcnome 
uan  he  uaad  for  ihu  detoctiuii  uf  Ixirif  adi.l ;  if  this  is  in  i]ie  fonn< 
$a!t,  it  is  only  necessary  to  rub  it  up  with  siUiihurie  acid  nnd  tn 
nlcohol  over  the  mixture,  in  oi-der  to  obtain  the  reitction. 

As  in  tlie  cJifie  of  phosphoric  and  ailicii'  acids,  then"  exist  ala 
the  case  of  Iwric  acid   varimia  '■  condensed  "  acida,  which  are  dor 
from  orthcihoriL-  a,cid,   B(OH)^,  hy  the   loss  of'thti  elumt^iits  of 
Frura   oi-cholioiiu  aci<t  only  the  monobasic   "mctnhoric  fieid "  aui| 
directly   formed    in    this   way ;    much   greater  diversity,    however 
[iroduced  when  setmul  coiubiuing  weightfi  of  boric  atid  together 
ihe  elements  of  wnter.      Of  the  many  such  forms  poaeihlt^  wo 
mention   only  one,  the   ili]"»aaie   tclnJ'ork  iicitl  HjB,0^   the  forma 
of  which  is  reprasL-n Iwl  by   the  eipiatinn   4B^OH)^  -  5H.,0  =  H^Bj 
Tljis  is   ihi;  iicid  of  the  bust  known  nf  all  solulilc  bonit*-?.  \\/,.  f<« 

The  horic  acids,  like  the  silicic  acids,  form  soluble  ijalt.*  iritil 
alkali  riietiils,  whereas  all  other  metals  yield  difficultly  soluble 
"When  iieated,  l-ho  boratPB  fuae  to  giass-Iike  niiwses  ;  in  this  sune 
dissolve  the   oxidus   of  the   heavy  metals,   ivliich   then   oflwii   eil 
chiiriicteriatic  colours.     Thuet;  [thcnomena  acrvo  for  the  dt-t-ectioiil 
such  metiilB  in  analysis.      Bnrntes  iirc  also  athled  to  glass  and  pruJ 
ill  onlor  to  ini|HiTt  to  tlmat-   [unticular  properties,  r.y.  fusibility,  ^imll 
expauBion  n'ith  heat,  ;irid  lou'  jiowar  of  refniclion  of  light. 

419.  Other  Compounds  of  Boron, —  On  heating  amorphoW 
boron,  or  a  mi.vture  of  boTon  trioxide  and  charcoal,  in  a  cnrrent  rf 
chtoriiiQ,  thuro  is  obtained,  aa  in  th«  case  of  ailicon,  a  readily  viilntil^ 
cllorino  compound  which  condenscB  in  the  strongly  cooled  receiver  U 
a  liquid,  In  the  pure  atiitc  this  is  colourless,  boils  at  Li ',  and  fufflO 
strongly  in  moist  air,  since  it  undergoes  decomi>osition  with  wut^r  ^ 
boric  ftiid  hydrochloric  acida  ;  BCI3  4^  SH^O  =  HaBO^  +  3HC1.  Fmi 
the  vapour  density,  the  molar  weight  of  this  compomid  is  found  to  ^ 
117,  9.0  ihat  three  eonihliijdf;  weights  of  chlorine  are  containwl  in  j 
This  is  the  reason  why  the  cotnbitnng  weight  of  boron  was  not  ^ 
chosQn  that  ita  compounds  could  bo  formulated  in  HccoManc^  wi* 
ihoae  of  silicon,  which  they  rusomble  also  in  other  respects.  Simil* 
r&BSOns  are  funnshed  by  the  othT  halogen  compouiidB  of  boron,  whic 
will  presently  !«;  mentioned. 

Boron  trichloride  tan  be  regarded  as  tbe  chloride  of  orthohor' 
acid,  the  three  hydroxyla  of  which  are  replaced  by  chlorine.  It  mny 
therefore,  be  presumed  that  it  \a  formed  by  the  general  roethoil 
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tq»ration  of  the  acid  chlorides,  )>y  the  action  of  phosphorus  penta- 
Uoride  on  the  acid.  This  is,  aa  a  matter  of  fact,  the  case,  the  reaction 
l(OH),  +  3PCls  =  BCI3  +  3POCI3  +  SnCl  being  possible. 

With  bromine,  boron  forms  a  (rUmmiide,  which  is  quite  similar  to 
he  chloride. 

Bvnm  triftuoridf  is  ohtained  as  a  colourless  gas,  which  fumes  strongly 

■  the  air  and  is  quite  similar  to  silicon  tluoride,  by  warming  l>oron 
riozide  with  fluor-spar  and  concentrated  sulphuric  acid.  In  water  it 
Enolves  with  great  rise  of  temperature  and  separation  of  boric  acid  ; 

■  the  solution  there  remains  hydrofluoboric  acid,  HBF^.  This,  it  is 
Ine,  has  a  different  composition  from  hydrofluosilicic  acid,  but  l>chave3 
ydte  similarly  ;  for  example,  it  also  forms  ditficultlv  soluble  salts  with 
Ac  ilkali  metals. 

The  reaction  takes  place  according  to  the  equation  4BF3  +  3H„0  ^ 
IBBF.vBO^H,. 

Hydrofiuol>oric  acid  is  also  obtained  by  adding  boric  itcid  or 
Vmn  tnoxide  to  aqueous  hydroHuonc  acid ;  these  are  quickly  dis- 
iohcd  with  considerable  rise  of  temperature. 

Of  the  other  compoiuids  of  boron,  Jmron  nUride  should  be 
■CDtioned.  It  is  formed  by  the  direct  combination  of  boron  with 
■trogen,  and  is  generally  formed  in  the  preparation  of  boron  if  air 
le  Dot  excluded.  '  It  can  also  be  obtained  by  igniting  boron  trioxido 
,  *itl)- charcoal  in  a  current  of  nitrogen.  When  pure,  it  forma  :i  white 
ftider  which  phosphoresces  in  the  flame,  and  when  hoate<l  to  a 
I  ■Ddente  t43mperature  with  water  vajwur  is  decomposed  to  boric  acid 
Md  immonia  :  BN  +  3H,0  =  BO^Hs  +  NH^. 


420.  Argon.— It  has  already  been  raeiiLioned  (p.  SIT)  ihiii 
Tiitrogeri  obtained  from  the  air  difiorB  from  the  "  artificial,"  t.t.  oliUimd 
from  olieruifal  tompoiiiiJt;,  in  having  a  somoirhat  ^riiJiltT  ileiisitjc 
This  at  iiret  piuzling  plieiionit-'non  wiis  tiniilly  cxplailiod  (lijiylvi^h  aai 
Ramaiy,  1894)  ^•y  tho  fiict  tliat  in  atmospheric  nitrogen  imothergH 
ia  TOjitaincd  w-hicli  reserableB  iiitl-ogon  in  its  disiltclitiation  to  fona 
ctieiniciil  compounds,  anil  imieed,  in  this  reapoct,  is  coiisiHeraMT  iH 
superior. 

By  cocivertiiig  the  nitrogen  of  the  air  into  non-gaseoiis  coinpoumk 
the  other  coiistitiiotit,  which  has  K-en  t-alled  ■ir'tcn,  can  be  obtjiioid 
pure.      For  this   purpose   there  may  be  employed,  for   esamplp,  th» 
property  of  nitrogen  of  noniliining  mtU  oxygen  under  the  infJiwiiM  o( 
the  electric  discharyo  (p.  3"27).     Thts  nitrogen  peroxide  thus  foniinl  b 
absorbed  by  caiiatii;  soihi,  and  by   addinjf  the  n&cos3itry   am-juiit  it 
oxygen  the  rt-^ttioii  can  be  cnntinnetl  till  all  the  nitrogen  is  nswl  iifi 
The  excess  of  oxygyn  cut  then   tju  enf^ily  rtunoveii  l»y  ni«Juis  ol  hwiWd 
copper  or  phosphorus  (p.  317).      Thu  same  ynd   is  attiiiufid  hy  ihr  iwc 
of  certain  raeijils,    e,jf.  magntisinni  or   lithium,    which  n«ulily  atjwrh 
nitrogen  at  a  red-heat.     A  mixture  of  limo,  magnflsiuni.  eind  soW 
BiKliiini  has  been  found  very  snttJibfo. 

The  resifhiiil  givs  is  cr-loarlL-ss,  o<.loiir!oss,  and  wateless,  and  has,  lA 
acconiunce  with  lis  denaity,  the  molar  weight  40.  If  ig,  theroiort. 
considerably  more  dense  than  nitrogen  and  oxygen.  In  the  mr  ^ 
forma  the  0-009  part  by  vcihime  arnl  the  0'012  part  by  wei^lit,  nuA 
the  ratio  o£  it  to  the  other  constituents  of  thu  air  la  uut  siibjccL  to  - 
appreciable  variations. 

Since  the  gas  does  not  form  jtiiy  mmponmle  with  ntlior  eleme 
no  comliining  weight,  prni>erly  spealting,  can  lie  asaigned  to  it  0* 
the  bjwis  of  thu:  law  of  tlay-Lusaau  ([i.  H2),  it  may,  however,  *• 
asBumed  that  if  it  did  foT'm  any  LiiniimnndB,  these  must  Ue  form*** 
with  other  giisea  in  tfimple  nitioe  by  volume^  and  that,  thiirefore,  tt*' 
normal   weight    40,    or  some  fi'action  of  it,    must    be    equal    to 
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itbitiing  weight.     What  this  fi-action  is,  howevor,  cannot  a  jtnori 

A  ilt-'cision  can  be  here  nrrivoU  »t  liy  meiin»  of  the  relalton  which 
I  Iweii  found  u*  exiex.  in  the  case  of  nther  giise^  Iwtween  the  com* 
Bition  ari'l  the  ciiptuilt/  fifr  final.  By  capacity  for  heat  there  is 
Klerstiirwl  the  ratio  of  the  heat  romnmiiicjitoi'l  to  a  \<Qt\y  to  the  riso 
t«-n.i*niliii-e  prcNiiiced.  This  rat-In  15  L-viilfiilly  itIE  the  gri^vter,  the 
itT  the  iuiioimt  of  Bub.'itiuice  suhjocted  to  the  experitiieiit.  If  ii  is 
W>  one  mok'  (p.  isy)  of  the  substanc*.  this  special  capacity 
beat,  is  ■raJlpii   the   ui'^rad^r  kcoU   or-  mohu-  liml  of  the  jwirticiilfir 

If  the  nnioiiijt  of  he»t  l>e  Ri»»ur«(l  in  Joules  (p.  131),  imd   the 
•ngr-5  of  lempeiTiture,  aa  usiul,  in   centigrade  degrees,  the  following 
tbe  moIeciiW  heata  of  u.  jaumber  of  ^^es  ; — 


Oxvpta 

2i^ 

Ntiroffcn 

H    '     -r. 

H, 

^ 

NO 

t".     ■■   !..■  ■■■'lid"' 

Cfi 

HftiniHen  o|]ilorid>t> 

Htl 

21 

CaiLmii  iliiixi'Ii-               (.'Oj 

02 

•20 

NilrijUB  osiile                  NyO 

3;! 

20 

W^itT  vajiinf                    ii^n 

^8 

21 

PluJiplifirtiii'L  clilririi3e     P*-% 

ISS 

iO 

Uliloiuforui                      CllClg 

UK 

20 

Tbe  sniallest  vh)up3  of  tha  molccukr  heats  am,  aceonlinglvv  21), 
vi  are  foiiod  in  (he  cfiae  of  those  gaaia  wliich  contain  two  coraliining 
m^ta  in  the  mular  weight;  it  is  therehy  »  matter  of  inditfurence 
ilKthcT  the  coiu'iined  rl«niients  iirc  lihe  or  different, 

t*n  ili-torminiii'!  the  niok'tiilnr  hant  of  sirgon,  however,  the  value 
(2  is  o!.t;»im-ii — »  viilne,  thocefore,  which  is  much  Kinalli^r  than  thai 
in  nil  liiL-  fpises  trivmi.  This  k-ads  to  the  pregnniption  ilwt  nrgon  is 
<tiU  mure  eini[ile  in  coiujxiai tJon  ih;iii  ihvsc  gases,  i.c.  thiit  its  molar 
»ai  ciKDhiniiig  weight!)  t-oiiii'idL',  mu\  that  the  formula  of  giisoous  iirgoti 
it  gi¥i:n  hr  the  aimplo  symbol  A.  and  not  X^ 

This  preiiiiniptioii  tan  lu^  tested  hy  analogy.  From  the  chemical 
*<kiviirtir  of  irrrt'tiiy,  the  sarao  conclusion  has  been  drawn  ;  raercury 
niMir  must  aliiii  have  the  formula  tig  and  nut  Hg^  siiiuc  the  com- 
tiiaio*  <«eight  and  the  mohu'  weij^Ut  have  both  hwn  found  C'lual  to 
M<i  A>  .1  miiiltT  (if  ttet,  the  de  term  {nation  of  the  molecnbLr  beat 
*fnifTciiry  hits  yielded  the  vallle  13. 

Thurp  in  therefor*  sufficient  reason  for  assuming  the  identity  of 
Ihi  boUr  and  combiniii);  weighta  of  argon,  and  for  aacribing  to  this 
•tasiol  the  comhining  weight  40,  whereby  tht*  formula  of  gaseous 
Bffm  l''ftMniie-9  A 

F'lr  the  ri!st,arj;un  behaves  Bimilarly  to  the  other  gases.  At  -  IB6', 
"iMler  ordinary  prcfwure.  it  becomes  li(|iiid.     At  -  If^S",  it  solidifios, 

11  flMtrie  discharges  are  passed  through  raiefied  argon,  a  spectrum 
'4  niroicr'-ns   lines  is  obtained.     According  to  the   pressure   and   the 
'iiions,  three  ilifl'urent  s()ei:ira  are  obtaim-d,  the  light  in 
.1  ijig  blue,  rc<l,  or  white. 
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421.  Helium.  Neon,  Kzypton,  and  Xenon. — A  coiisidem! 

time  Kgo  the   nsmo    lielium   wns  given   to  an   uiikiiowii  elt'ineni, 
pmenw  of  whicb  in  the  sun'i  ariuo$[)b«T>^  hni  hsuti  concluded 
the  occnrrenoe  of  n  atronig  and  consiaiit  line  in  the  yelkiw-grwm  oS 
cpectrutu  vrliich  coiil<l  not  he  refcri-^d  to  nny  known  t^treslriivl 
11  his  inveinVjitiunR  on  the  occurrence  of  argon  in  minerals,  the 
line  was   foiin-i   l>y  Kiimsjiy,  one   nf  the  distovert-ra  of  (irgot),  in 
gBsei  whicli  are  ovulvecl  uii  tht'  igniliun  uf  ctirlain  niinLTalu,  r.j/.  clev 
and  he  estaWnheii   the  fjvcl  llial  it  was  due  to  a  gas  siinilai-  to  iirj 
and  it  accordingly  received  ihc  iiamo  lirlimii. 

Helium  is  found  in  Bome  rare  minerals  which  contain  the  oletn 
uranium,  iktul  ih  otiUiued  from  thi'se  liy  iiciittiif:;.  Fmtu  aiiv  nitri 
whith  may  li*  present,  it.  can  Iw  fryeii  in  the  siime  way  «s 
^vcn  in  ihe  case  of  argon;  fnun  thu  wrguii  whirli  iw  somcti 
also  present,  it  muat  be  s<![iarate<l  by  difliiwioii  llitoiigh  u  jvii 
clay  partition  '  (p.  94). 

Helium  is  a  very  light  gag,  tlie  iiioIhi  woi^lit  of  which  is 
it  ia,  therefore,  only  twice  a8  heavy  as   bydingen.      Its  rriti<rnl 
p«rat»re    lies    m-uoi-din^'Iy    very    Inw.       For   ihe    rest    it    HhArtw 
progenies  nf  jir^^on,   and   has,   moru   especially,    tlio   small   inolctrti 
heat  12,  so  that  its  combinJnji  weight  must  In-  put  »'<jiial  in  im 
•vroight.      With  this  vaiiie.  He  =  4,   lioUuin  is,  tn-xt  l^i  hyt 
element  with  the  smallest  eombining  weifj;ht.,  su  far  as  one  ran 
oi  such  a  thing  in   thtj  case  of  an  elemwit  which  <loo8   not   form 
known  pom]KmndB. 

Further,  in  the  residue  from  the  evapoi-atinn  of  liijuid  ittniosjihe; 
air,   «till   it  nunilipr  of  other  gases   have   been  diecovered,  lAhirh 
chjimttprised  by  tluir  spettrn  ami   their  diMinity.     Tliey  all   like 
THiBsBfis  iho  small  value  of  the  molecular  heat,  and  in  all  ca:sce,  thi 
fore,  iho  molar  weight  ban  i>een  put  equal  to  ihn  combiuing 
Thotr  iiannjs   are   nr-oii   (Ne  =  20),   hy]\k'ri   (Kr  =  81-8),    and 
(X=12H).      Krypton   boils  at    -151-7',  xenon  al    -  lft9-r. 
moiling  points  lU-o    -109°  and    -MO     respeclixely.      It<tlh  ti( 
arc  present  in  the  air  iji  e.tceeilingly  niiaUU-  atnoUnta;  tht-rw 
|uirt   of  krypton  in   seven  million,  and   one   part  of  xenon  in 
milKuii  parte  of  air  by  weigliL. 

1  Till'  trjunition  i*  uko  elfn'teil  hy  fraetiotitil  diftlllivtian.  On  one}it-^;  \ha  , 
tnnaiui  iif  liqiiiiiair,  ilie  'ir^u  i^ninlciisv'  luiil  th«  lielium  renuun*  as  ■  gtM,  dUwlnC 
pwrhipa,  iu  Ihr  liiiiiid  argon,  rin  kllnwini;  t1ii>  It'iupvrAtim'  Co  rUt.  Iha  IwUsb  —i^ 
tnU     B)r  nepMling  tbe  li(|uc(nctiiin  miil  gHiQuition,  tli«  gMtn  cut  bt  lepwtiiMt— It. 
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0«neral  Bemarks  on  the  Chemistry  of  the  Metals.— 

tfih  the  iiiimlier  vi  I.Ijp  mefcillic  eleiiiciits  ts  miwli  greiitur  tliiiii 
«i  the  noii-nielnls,  tli?  rliomMiy  of  tJiem  is  much  tiiinpler  hqiJ  com- 
y  lt*»  'liverse.  This  is  duo  Lo  tht!  fact,  thnt  by  fiir  i\ie  largest 
utd  thi!  iiii>$t  iiii[K>i-Uint  of  tbc  c»in|)oun't5  <•(  tlio  niL-tiiU  avc 
cb:iracl«r.  Nuw.  wu  lii»v«  suimi  gemTiilly,  Unit  ilie  itrujiercieB 
sdu  in  a(]Ucoii8  solution  Mi  couihli'tnad  ce&eiitiiilly  liy  the 
ol  Uieir  ioTts.  If,  therefore,  a  metal,  f.ff,  silver,  fonrs  iinly 
koHl  vf  cation,  tb'.-  U'tiiiviour  of  hII  its  suits  in  :iquccits  eolutivn  is 
if  tbal  uf  tliii*  ]tarticiilar  uitiuii  is  kiiuwii  :  :t  kiiuwlmlgt'  uf  the 
whith  ItAVt  inoHilv  Wtni  trv^ted  in  the  chemistry  of  the  noa- 
i%  hereby  bii[i]>us.('i|  given. 
S«  i»r.  then,  !Vi  ih'-  l>cli;iviciui'  in  uiueous  eoliilinri  is  C'tKernei], 
^Ikmiifclry  of  the  mutaltt  is  oHsentially  given  with  the  knowlcilge 
'  nu-tal  ioM.  In  analyti«»)  .chemistry  we  ma  coiiMrned  »Einosl 
ilh  aijiiiKjii§  snlutions,  and  tj>  what  no  there  lenni  it  ia 
iittici'*nc  to  atifi  ;i  stal-.'m*iit  df  tiie  soiuhility  roliitin«s  of 
rv  siiliibki  sniisi,  in  onler  to  nlHiiin  the  [i.>unclation  uf 
■  iiistry.  Fnr  {^etiei'al  chcriiisiry,  however,  it  i-s  noi;i?ssary 
.'Ki  B  Intowlc*!^*  iif  (he  compounds  in  thi!  solid  sI^lIk  h&  well  its  of 
■  t.-  ii.itt  tciliiid  iir  tmhII'tTent  I'ompouiids  whit'h  also  exisJ  in  Un'  wise  of 
:b<  111'  ;.*li,  whoreby  yn-HU-r  diveraitj  is  produced. 
K  tMnDo  variety  ia,  howevt-r,  found  among  the  ioiifl  thvinsplves. 
BhT  OMtel*  fnrm  not  ouly  eii^mt'ntary  ions  vith  ditlerent  prn|i('i'titf», 
Hp  diAreooea  hetwuen  which  tire  connected  with  dilU'idit  vidoncy, 
PbtlieT'  *!«  alao  capAlile  of  forming  with  other  elementa  cumplrj.  ions 
ritli  BprvtBl  [>ri)perti«H.  New  groups  of  siibul}in«es  itre  thereby 
arauid,  and  in  llib  direction  inor^iiic  cfacnnistry  is  dcvclopiii'r  »  very 
nst  ditMTtitr,  which  at  the  present  time  is  by  no  mesne  exhauat«d — 
I  ttuuiy  cASCi,  iiidoed,  ita  outlines  are  scaniely  known 

In  genoral.  every  anion  will  W  ahlu.  tu  fitrni   a  salt  with   every 
tiaa.     By  Tirtii«  of  a  general  nile,  most  of  the  aalts  in  dilute  &i\aeiOUS 

441 


442 


PRINCIPLES  OF  INORGANIC  CHEMISTRY 


solution  are  exte^najv&l^  didBOcta(«d  into  their  ions,  so  that  (^ 
iif  llitse  sahitiimi  di'JIkr  hrif  lilth  fi'tmi  /ftr  .vuhi  of  the  jirofiTiif*  of  ■ 
Where,  theTcfi.>re,  spo<iific  prt>p*irties,  winch  do  not  forTta[»ond 
rule,  are  mut  with  in  salt  aoliiLiotis,  it,  tun.  bo  concindecl  with  ccr 
that   the  d)8MCH.-iatioii    of   (.he   salt   presfliit   ia   swill.      From 
jtiiijitivcly  gicat  laiity  of  siich   exceptiune,  there  follows,  conv 
th(!  great  generality  of  the  rule  just  stJitLtl. 

In    the   ftiilowing  dtawipuoiis  of    the  different  metals,   ther 
Etres-!  mil  he  kid  ■m  the  sLatemflnL  t\{  the  lona  which  can  hi-  fo 
from  Uicni,  ami   the  pro|>iM-ties  esaontiid  for  their  characU-'riiiiiliu 
1>L'  nmiiiioiied.      In  general,  tlio  intilhiids  Giiiijloyi?d   for  ihe  dot 
jiiid  deter 01  inatiou  of  the  niotiila  iv-iJl  hi-  thereby  given.     To  (hisi 
ia  iiddeil   the  chernstry  of  those  solid  mtnpouiids  uf   the  met&ls 
urc   in  ^ny  wny  injjiurtiLnt  enough  to  (iml   lueiilion  in   ihia  cleitic 
work. 

423.  Potaaaium, — While  the  kriowlpii^e  of  ainiic  iif  the  |wt 
ciini[w)iiiLds  L'iLti  'hv,   foUowi.'d  back  iilniost  t.o  l.h«   most   ri*mai.e 
meiits  of  culture,  thi'  chani(!U!ri*ition  of  the  |)otiissiiini  t-ompot 
'derivatives  n/  n  sprdal  cU-vi'-nt  was  first  efl'ected   towards   the 
the  etghteentli  century  hy  Marggraf.     On  account  of  the  prof 
of  pntiissiuni   carlionnte  fcom  eretim  of  tarLif.  which   is  i)t>{K)sil 
the  biiri'ds  in  the  termcntation  of  ivine,  that  compound   r<:;ceivc 
name  of  rcjiiufik  alkiili,  in  contradistinction   to  minend  alkali, 
carbonate  or  soda.     Allhoujih  ]iot.assitim   hydroxide   or  r'nt^lic 
cotiUI    not   Ije   dfjcompoaed,  it  was   long   felt   that   it  w.t*i   iin  nil 
BiihsCunL-e  ;   but  the  uctuul  proof  that  a  nieinlik  olemeiiL  fi>rmod.' 
Itasis  of  tho  potasaium  compounds  was  first  given  iii  tSO"  by  H. 
who  ilucouipoaed   potassium   hydroxide  by  an  electric  current 
from  a  voltaic  lin,ttery,  whicli  had  just  then  been  iiiventnd. 

After  it  hii'l  b^uu  obtiitiAd  in  this  way,  the  methoiJ  of  ynn^a 
by  piu'^ly  chcuiical  means  was  suon  discovered,  a   metlnxl    which 
for   long   the  only   one    employed.       ITlc    iiiost   inLpi>rtaiit    of 
reactions  is  the  heating  of  potHKgi'um  carbonate  with  charciwil ; 
monoxide    and   motallic   ijotassium   are   formed,   tht-   lntl9r   of  « 
volatilises  and  is  tomJensed  under  I'ock  oil  :   K.,CO,  *  20  =  2K  -^  '■ 
Quite  recently  the  elcctncal  method  of  prepjiritijj  it  has  h««n 
adopted,    since  the   nt'ccaaary   electrical    energy   can   now   \ie.  ch 
gsncnitcd  in  any  desii'oH  amount. 

Pntusaiura  ie  a  ailver-white  metal  whit-h  melts  at  fi?  ,  ami 
oven  at  tho  room  temperatHre,  ia  ao  aoft  lliiit  it  can   bo  kneaded 
easily  en t  with  a  knife.      At  750    it  volatilises;  the  vapour  in 
griven  in   colour.     The  colour  can  lie  rnndi'r^'d  visible  by  heating 
moLal   in  a  glu.sa  lulm  which  is  filled   "'itU  a  gas  or   va[Hiur  frt'o  fwi 
oxygeu  ;  the   pheuonieuon,   however,    i.^    visible   only    for  ;i    nionxi'i 
aince  the  poUissium  vapour  ijuickly  attacks  the  gliiss,  which   tt 
becomes  covered  with  n  Maek  eoating  of  liljerated  silicon. 


I'OTASSIUM 


**^mliinea   with  very  groat  readiness  with  oxygen,  « 

^iTDitet  all  suljsUnces  which  contain  that  element 

'.  HiidtT  the  joint  nclioti  of  the  water  vapour,  i\ 

'   Uiniishn),  owing  to  the  formaliori  of  a  l«yer  a 

"'   iiiolftllif  lustre  can   be  observed  only  imniediaitflj 

Tapq  \jiy^  i„,^,„  made.     If  it  is  encluaieil  in  ft  tuhe  whicl 

fillwl    with   hydrogiMi ,   mid  tlien  fuswl,    the   nictallii 

'^  "e  i-eniitired  vi-ailile  and  permanently  preservoil. 

■  'if  thia  projwrty,  pcKii.'isiiim  must  Iw  kept  in  such  n  wnj 

■'-'•  no  aiireas  tii  it.     In  |jirj,'tj  tjuantitis^a  it  ih  [ireaerved  it 

''n  ■-  Hinalt(.T  i[uatitities  ;ire  kopt  under  rock  oil,  siiicii   thii 

"■''  cnntAin  nxygon.      It,  however,  absorba  gasflona  oxygen 

-■'iimi    kt'|ii   under  rotk  oil  bdoii  betuanies  cuvrred   witl 

■^"  crust  whiili,  however,  only  slowly  hecomes  thickdr  aac 

■''0  nioial  fiiirlj'  well. 

1'  u  vory  remaTkublo  that  in  tiri/  oxygen  potaa»iutn  ia  not  {iJ 

'  "'-ry  dliiwly)  oxidised,  whureas   the  smallest  amount  of  watfli 

'ly  [itudiicea   ji  rapid    rcraclion.      We  have  already  (p,  401 

"X^kn]plL-<i  uf  such  catalytic  accolenttion  of  oxit^^itinii  proCDSsei 

"'  prc8L-ni:o  of  wiit^.'r,      Such   bfhaviour,  however,  in  npite  a 

;;''iicrality,  mnst  not  be  regarded  as  universtil,  for  instance 

—  Ion  proccasea  have  betn  provwl  ((',_*/,  the  (Munbjnation  of  nitrii 

tidu   with  'ixyj!:en,  p.  .12'!)  where  the  rfaction   takes  place  with  iin 

Jtnit'iii'li^d  volncity,  even  between  the  very  carefully  dni^d  siibatitnoea 

('itrn'Hiii)iij^  rhedetcnniniiiiiun  of  the  fum hilling  weight  of  potaj^wnm 

'ud  poinla  hiivf  already  h&t'n  given  under  chlorine  (p.  225) 

iJ4.  Potassion.— PouiBsiiim  can  form  only  one  kind  of  ion,  via 

.    iiHinovrtti'nt  /Kila»fiion,  K*.     With  metallic  imta^flinm   the  formatiiM 

.  pliu'p  with  very  ifteat  easa  nml  energy-     The  chemical  propertiai 

■ii'  nietfd  i*re  essentially  chiiracti-rised  by  ihis  fiict.  for  it  reacta  oi 

'I  sub^tfiuees  in  auch  u  way  that  It  pns.tes  into  potaselon,  i.r.  I 
t-inna  «  sdt.  Since, •further,  tho  pJiSHit};*  of  ii  .wliii  suit  into  a  'li'dd'-ei 
oiw  18  in  gt'noral  accompanied  by  imty  a  slight  ehung-e  of  cnorijry,  it  i 
<jf  no  eeei^ntial  importance  for  theae  roactiona  of  potngaium  whether 
,|i,:(iolvud  or  u  >;oliil  salt  is  produei'd. 

Isolateil  QXaniplcj  of  siicJi  reaotioua  have  alrendy  Ijeen  ment 
(.111'  nielhofl  <if  oliwining  silicon  iind   hnion   from  their  halogei 
ijounils  nuiy  Itc  rL'ftille'i.     Since  in  these  react ioiia  thi-  haluj{ii 
pounds  of  potassium,  i.e.  salt*  of  tie   metal,   ;irn  formed, 
umitir  th*  nde  jn^t  itated. 

The  amonni.  of  heat  which  is  liberat«cl  in  the  formaLmn  of  ' 
from   f-he  nsotiil  is  veiy  gv^sit ;  it  is  found,  in  accordanca 
tii-iiiciple!)  e\plaiiiL-d  on  p.  L'OI,  to  be  '25'J  !cj. 

Jf  this  <|iiantity  of  bejil  in  added   to  the   be.it  of  for 
Pinion,  the  sum  gives  the  heat  of  formation  of  the  salt  ii 
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solution  are  exteiifiively  dissociated  into 
oj  th-ese  solutions  il'ijkr  hut  littlp.  from  the 
Where,  therefure,  siwuific  properties,  wl 
nilu,  are  mot  with  in  salt  solutions,  it  i 
that  the  clissociation  of  the  salt  pre- 
IKinitively  great  mrity  of  such  excep 
the  great  generality  of  the  rule  just  sr 

In   the   following  descriptions  of 
stress  will  lie  laid  mi  the  statement 
from  them,  and   the  propeities  essen' 
be  mentioned.      In  general,  the  nii" 
and  determination  of  the  metals  will 
is  added   the  chemistry  of  those  sol 
are  in  ;iny  way  imiiortiint  enough  ■ 
work. 

4i>;i.  Potassium.— MTiile  the 

compound.^  can  *be  followed  bael. 
ments  of  cultui'e,  the  characteriij:i 
'derivatives  of  a  Kjn-cinl  ilfment  v- 
the  ei-;hteenth  century  by  Mar^ 
of  pntassinm  carbonate  from  cj 
the  barrels  in  tlie  fermentation 
name  of  re^jrlalih-  alkali,  in  com 
carbonate  or  soda.     Althou<!li 
conld   not    l>e   decomposed,  il 
snbst-ancc  ;  Imt  the  actual  ]ir 
Uisi.i  of  till'  iHit:i.<siitm  compoi. 
who  dci-innpo.ft'd  potassium   ' 
from  a  voltaic  battery,  whicl 

After  it  hiui  been  obtain' 
by  |)uroly  chemical  means  «. 
fur   lorii;   the   only   one    em 
reactions  is  the  heating  of   i  <     ■•  ■ 

numoxide  aiid  metallic  jn 
volatili»!e.-i  and  is  coudensc' 
Quito  recently  the  electrii; 
iidopted,  since  the  ncees,*' 
generated  in  any  desired  ,      , .  .   .  »     ^i.       n.  » 

Potassinm  is  a  silvei-,      ■  ^  "■'»'«''  »  wwtter  Uian  that 

oven  at  the  room  temnei , .  I  !  ""■^''"'■"W  /  tho«  with  a  gre»1 
oasih-  cut  with  a  kiufe.  l-'th  kinds  of  loluUoii  tte  stable  a\ 
green  in  colour.     Tho  .:.  .1  hiuil.   the   supemtanted    within 

metal  in  a  ghtss  tube  v  .  .  ,.,twtaiic«K  in  all  thn*  phTifaatl  (Utca,  *,xA  m 
oxv«en;  the   phcnomet^,.,:x--oW.  Uqmd.  "il  »Me«i«duticm.^^^ 

^m.-e  the  potiwwmm  va)^  "^  ^,_  j^  y^^rt  IdiUbm^  wnflne  the  dn 
Itocomes  covered  with  f* 


liMli' 


■■t 
>  -S1-S 

.:cncr 

•■■■.»\  the  : 

"III  in  a  M 

:iiio,  been 

'. 'icM'iiL,  the  (I 

I'l'MAider  tliM 

vultt  together,*  a 

il.-  liquid.    Thk 

nils  a  certain  poi 

•"  lia.<<  passed  into  i 

■  n-ited." 

'  )i  saturation  is  define 

,-iii)i-i  whm  tkia  aoUd  i 

■■■  :iiH  of  B  given  snbetai 

^'ciiirationB  of  sataratioi 

till'  general  rule  holds,  t 

;iiway8  the  smallest,  and  t 

olnble  in  proportion  as  t 


"«»TUM  44.1 

"stances  jiiid   im  the 

'■11  is  l.)r(iii^'lit  into 

•   into  solulioii  iiiiTil 

■■sUihlislu;d.      Tn  tlio 

■il>sliiiict'  si'iiiiritr!^  ill 

,  thiit  ii  sciliilioii  which 

j"ilyiiior|)liic  Biilistaiicf, 

t'omi  of  ihc  s.iiiiL-  snb- 

-.1    wllfll    both    ■'llistainrrs 

;tc  of  eiiiiililiiiuin  ciitirioi- 

■   iic<l  and  tht'  niisialilc  l>p 

'.  Iifii  the   lUiijtjilih-   fui'iti  iiiis 

1  •■    st;il)le  form.     This  in  tiji' 

M'liii-h  oveiy  hoIvcui  ^.'xcrci^■  < 

i  I  ii:reftS('(l   {r.ii,  by  coolilij;  liowi: 

■ility  incn-nKCS  with  the  teiiipem- 

late  in  which  it  docs  not  dei)o.-*it 

:;it  in  which  dei>08ition  occim  even 

The  foiTncr  state  is  called  «iW«- 

iinidary  between  the  two  states  is 

;licii-  pronounced   featnros  arc  easily 

another   substance    arc    ad<led    to    a 
rium  changes,  in  j^eneral,  only  sliKlnly, 
.■  saturated. 

i|i])car  to  be  gi'eat  deviationH   from    this 
i:i'n  nieiitione<l  (p.  2.'t2)  that  the  aolnl>{lity 
'  ly  siaall,  but  that  lar^e  aimmnts  of  iodine 
iintiuning  iodidion.     At  the  same  i)lace  this 
:  that  in  the  solutions  produced  the  imline 
hut  was  combined  with  iodidion  to  form  the 
mm,   is   partially   disaociatifl   into   onlinjiry 
iiitliiie,  I^;  ami   the  latter  in  pitrsent  in  such 
-  to  the  Bolubility  in  pure  water, 
-iiuilar  phenomena,    therefore,   which    have    the 
■  i^"^  of  the  Bohibilitj',  the  ci>nclusion  may  always 
Hilistance  which  has  jxissed   into  solution    lias 
,-i-,  whereby  its  actual  has  bi'como  smaller  than  its 
■  ion- 
cases   of   increased    solubility,    •liiiiiiiii/l"ii.~-   of    the 
been  observed.     These  arc  found  espi-cially  in  iln? 
If  ijuit«  definite  conditions,  imd  wi;  .«hall  now  pass  lo 
<if  these. 
.LiVionr  of  SaltB. — Salts  also  behave,  in  lh<'  first  instance, 
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PoiassLiiui  uyaiiidti  is  a  wbite,   very   aolulile  s»lc,  wliius^  ;uji| 
aolutioii  bus  an  slkalinc  rtiuctioii   tiiid    i^iiiclh  strongly   of    hrdfl 
cyanidfl.     This  is  due  to  the  fact  thai  hydmryanic  aoitl  ie  nix  ext 
weak  add,    whoso   aalu   lU-u   p;u-tially  iliriHiieiiit-il    hyil!''-li'tir-*lrt 
aqueous  8(]liition  :  the  carbonic  actd  ot"  the  air  iil-i>  hi^   ■  '1'  I'^i 
action  uii  the  salt.      Potiiasitini  cy;»i>iilc  ie  it  powortul   |>'>is«.ni  ;  iii  ■ 
ol'  tbU  it  is  largely  ei]iiilore<l  in  the  arts.     It  is  iiserl   in  pbotf 
to  diaaolve  silver  salts,  iilao  in  eleglropldtiug  witb  metal*,  e»\nt 
gilding  and  ailvoring,  jind  KnaHy,  in  wry  Itirge  amoiiiita,  for  t-xt 
the  finely  tiividcd  goM  from  the  auriferous  Leds,  especi;dly  in 
Africa.      8inct>   all    tbei^e    n})plicationa   depend   on   the    frimistic 
definite   compouTida  with    the   heav\-   meti^ls  nftuied,    they  c»n 
oxplninod  in  dfitaij  only  under  these  meliils. 

In  undlytioil  nnd  propanitive  cheniiatry,  pota^iiim  cyiinidp  iai 
US  II    poiverfid   ri'diicing   ayeiit,  which   Jilloirs   of   m«ny   metals 
aepanited  from  their  o.videa  iiiul  sulphides  at  its  temperatiirG  of  fii 
It  is  converted  in   the  process  into  potassium  cyanatc  and 
thiocyanate  respectively. 

As  to  pnliMsiuin   r.ijatuitei   tbe  essential   points   bnvn  already 
given  (p.  422}.     It  13  a  white  salt  readily  so]iilile   in  wittfii',  whic 
beint;  aridificcl   evolves  rarlMn  dioxide,  while  an   uniiiioiiium 
formed  in  the  auliition.      This  renetiiMi,  whii-b  dt^pcnda  on  the  tran 
niation  of  eynuic  auid,  has  idso   been  iilready  explaineJ  at  the 
cit«d- 

Pofiisdiiiit  fhitiryanali:,  or  sidphocyanide,  KSCN,  ia  the  enll 
lisod  in   the  applications  of   tliiocyaniinion,   SCN'.      It   ia  a  i'«loii 
salt   wliich   rp^diiy  dissolves  in   wator,  iit  the  same  tinK>  prodiicis 
VHry  coiiaideraljie  fall  uf  t<!nip«ratur*i.     It  is  easily  ohtiiiried  by  bw 
putaasium  cyanide  with  snlphiii-. 

450.  Potassium  Oxalate.— Oxnliiincid  forms  u'ilh  ])otaA8iiitiLi 
only  the  two  sidts  which,  accorditi;;  to  the  liibasic  naturt)  of  Uie 
ai'c  to  he  expected,  but  also  another  salt  which  can   lie  regiirded 
cunipifUiid  of  rixalic  acid  with  acid   potussium  oxalata.      Of  tho  ibltll 
oxalie  acid,   lliose  with  potassium  are  the  beat  known,  bucuitMi 
occiir  in  tho  juicess  of  various  plants,  from  which  they  were  early 
pared,  and  have  led  tii  the  knowledge  of  oxalic  acid. 

Noi-tnal  potiisaiutii  oxidate,  KjO^O^  -H  H^O,  is  a  whit«  salt  acluMlj 
water,  and  in  used  in  photography. 

Acid  ])ota9flium  oxalate,  KHCjO,  +  AH^O,  is  tailed  mH  uj 
because  it  wna  first  ubtitJiied  by  evaponition  and  crystallisation 
tho  jilii;*  of  the  Vuod-sorre],  It  ik  lues  soluMie  thiin  thfl  nonnul  < 
and  is  iiaisd  for  removing  iron  and  ink  stain,s,  since  it  c.>rivc.rt» ! 
salts  into  soluble  {complex)  compoiuida. 

I'fitiimnw  Mirwiliiir  is  the  name  given  to  the  salt  KHt'^ 
HjC^Oj  +  2H,U,  whkh  is  w*ily  obUiiiicd  hy  mixing  one  of  tlia  pw« 
salts  with  the  necessary  excess  (or  rather  mure)  ot  oxnlic  acid  in  ' 
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itt  ions  oT  iho   sall«  art-   ro^imltid   ns  independunt  coin- 

nwirtider  the  siiiijilfst  caae,  ihiil  itf  it  sfiH  miisfstirig  of   two 
inuH,  aiirl  ler  rliy  i-oncunLniiion  nf  the  two  ions  lie  n  and  li, 
iiuitliasoctntiMl  prut  f* ;  tlieii,  accordiug  to  the   luw  of  ihasb 
JO),  the  ecjiiftiioti 

K  .  /;  =  t .  r 

t*n-t/  soluLiou  of  tht!  suit. 
equation   J.'    is   the    "eqiulihrium   coDstnnt."   which    aIeu 
|«iii  peril  t  II  rfi. 

r»ii'«.f  sohilitjn.  Jilso,  iho  saum  equation  must  hold.    Let 
iDdiiig    viilufs   hi;   ciilleii    «!„  /'„,   r„ ;   the  equation    then 

[rigkt  side  of  this  e(|iialiori  me  values  which  mti  constJiut  a-t 
ipcndure.  In  the  tiise  where  a  salt  is  simply  diesolvud  in 
fi»  iionii  we  [mxJiicetl  in  the  SHinr  ctjnreiitratinn,'  and,  l.hei'c- 
,—  ^'jI'c.,  has  a  deftnile  vuliie.  Tfiis  viUtie  ^'uncs  with  the 
»lld  therefoi-L'  the  ailuliilily  of  pure  sa!u  is  in  (.■om])lete 
[vitb  the  gcneml  laws  devulopfd  afiovu. 
BVcf,  the  two  ions  aro  present  in  dilierent  concentnilimi,  as 
IS  of  difTcriLnit  suits  are  mixed,  it  is  nicci'SHiiry  fur  cqiiili- 
fffhirtrf  of  the  tn'f>  etmei.'ntriitiiin'*  ii„li„  shall  nssiiuit'  n 
«.  Taliic.  The  jrreiiter  the  one  cmiceiitnttidti,  thi?reforr, 
must  thf  other  bo  in  '>riLet'  liaU  cijiiihliriuui  bu  est.-ililiiihud. 
tifltn  which  coiTiwpoitds  til  ui[iiilibi'inm  is,  iherefurt,  ndled 
if  fmiMd.  lu  the  chso  iif  dllliLMiltly  aolublu  wilts  this  Is  sniuU  ; 
ify  Bolublr  9idt0  it  ifi  large.  If  the  jtniliiH  uf  Ifit  nmcntlrcili"as 
ionft  |in>aont  in  a  solution  is  <^reittr>r  than  tliQ  «n]uliihty 
th«!  eijiTusjjiiiidirif:  silt,  the  siiliitinri  is  sii|n;rariliiiale'l  in 
■in  fialt,  mid  SO'  lunch  \*t  it  niii.^t  bqiariit^  unl.  ihni.  in  thti 
ilution  ihp  viiliic  wf  I.Iili  solubility  prmluct  is  rewhed, 
[|imtupt  uf  L-onciMitriilitiiis  in  a  solution  issui.-illHr  than  the 
jrodurrt  uf  the  Mirreispojidiii)^  »alt,  the  eolutioii  extfrLa  a 
in  on  thv  suli'I  suit. 
siinpk  prindpira,  tlie  whale  theory  of  precipitation  and 
Kilim*  pr&ripitJitKs  is  conlninorl.  As  simple  also  as  it 
illvtrnw  arc  it^  n])p]tciLti^>n3,  and  there  will  Ijc  fru'iueiit 
in  tile  8ei|iiel  of  making  iiat-  of  the  lijeht  which  is  thrown 
ila. 

ntfwUcKi  li  Ui  )■»  iLiFUilriiJl  lifre,fM  in  >LI  uiiiiiHtLoun  ur  eijiijllliriuin,  iu  iiiolrs 
llt^  CO  out  t^*tcrii.  Ill  wiuEil  In  iiKirc  cnrrL-L-t  to  rrckoii  iiifil»  [cr  rv.. 
boorrrrr.   teij  »ijiil1  iiuiiilH'ro  wiiiiltl   W  thoieti]'  iit'l'iliitti).   il   ip  iiii>n> 
■Sn^tof  the  <Lerlr«l  unit  uolilltrv. 
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qiiito  sniitll  i|uiiiitity  nf  tliia  mixUire  is  itrldeil  to  tha  liquid  to  be 
for  poUissioTi  ami  the  wliule  well  eLnlten,  all  poasiKiUty  of  auf 
tion  is  iloiie  airay  with,  and  ii  preeipi tJitc  is  theroforo  biitq  to  be  to 
if  tho  Bolubilitj'  in'odnct  was  trxt-ewled. 

Aiintlier  ]iri3<?i] lita.jit  ivhii.'h  is  {"rmtly  nse-il  for  |»ot.issinii,  e^j 
in  i|H:iritit;i.tive   detorniiiwilioiiB,   ia  hydiochlirrophtt'ntk  iidi.i,   frt'ijue 
but  erroneously  called    pkLinic  chloride.     It  is  a  comiwund  of 
composition  Il.PtCI,,  and  ig.  tiierefore,  so  tar  as  tlie  formnin  is 
ccriicfl,  similar  tn  hydroHuosilicic  acid,   H.,SiFfl  (p.  4:11).      A  fur 
aimiSiirily  exists  in  tbo  (net  tliat  Iwth  yicliil  diffifulLiy  siflublc  enlt*' 
potassiod  ;  wherea.%  however,  liydroHiiosiliciL'  .iciil  also  yields  i  sin 
salt  with  aodion,  and  catiiiot,  thoref«rtt,  hv  used  foi-  th«  sejjai-«lio 
th«  two  tfleiuente;  sodium  pUtiiiochloride,  in  contrast  willi  pen 
plfltiiiodilondo,  is  very  readily  BDluWe  in  wtitef  alid  ivlcoTloL 

If,  therefore,  hydrochlorojilntiiiic  acid   is   added  U>  n  siiltitinii  i 
tainiiig  potii^jsiooj  the  sohiMlity  prixluet  is  exceeded  e\en  whi-ji 
concentration   of   the   former    is    very  smfill.   and    ihc    salt    K,Pti 
gencriilly  fallod  potassium  platinochloride,  separates  out  its  ;i  ytU 
prccijjjuite,  whii?h  microscopic  cxiimiii^tlion  shows  to  consist  ot  rt^J 
trauBpiU'CDt  octahcdra.      The  reaction  ciin  be  rendered  miicli 
seiieitiva   by   the   addition  of  a.lcohnl,  sinco   tho  Sidl    is  tniicfi 
difficultly  snIuMc  in  nlcohol  ihan  in  wiiter. 

Since  bydrochloniphiiiiiic  ncid  is  a  islrongly  diaenciabcd  acid 
BftniD  order  iw  hydmt'hldric  acid,  ihi^  jir&^ence  rir  sihueiicie  of  hj 
is  nf  no  account,  althnii^ih   it   liaa.  an  inllncni't'   in   tlie  ca^5e  of 
fl«id- 

429.  Potaaaiiun  Hydroxide. — When  potassium  ia  bntii^ht  i 
contact  H-itli  W!i.t-ur,  violent  iictiniL  takes  pUice  ;  hydrogen   is  evoh 
and  usually  takes  tire  in  consul lu'nct^  of  the  high  tentprntttiri-  jurmrh* 
and  the  ])ot;iBsiiim  is  converted   into  |M>tassiura  bydr^xiilc  2HjO 
=  2K0II  T  H,. 

Tlit^  tijiihf  of  the  burning  hydrogen  li;ts  it  rtiildi^li-vinltit  ei 
this  ia  duo  bo  potJis^Jnni,  vihicli  iin|»irts  thiis  culonr  w  Hutnes  in 
it  is  pri'^sent-  Tht.'  pcitasBiimi  hydruxidn  which  ia  fomied  does  nc 
a  v\i\ti.  diaisulvu  imint'di4ttely  in  wati'r,  but  Tonus  a  fumid  JncJinde 
bull  which,  III)  ucditnil  iif  its  high  teiiLpyraini-w,  is  not:  wBttot!  hy'I 
walpr ;  ivhcn  it,il  the  potfissium  hiis  lnji'U  ii*ed  up  and  the  Hamni***-' 
tingiiishcd,  ihc  h:dl  still  tlnsit.s  &cn\v  tini-e  on  the  \niter  tintil  its  ti-miirra- 
Cui'e  has  Bt)  far  euiik  that  wetting  occurs.  It  then  disaolvps  ntlli  ■" 
great  an  evolution  of  lieat  that  an  vxplosive  formation  uf  steam  ua.'Ciin« 
and  small  particles  of  the  hot  maae  are  projected  in  all  ilirectio'tt- 
Since  puliisitiniii  hydroxide  has  a  sli-oiif;ly  corrosive  action,  the* 
panJL-ht^  tan  do  conoid  cm  I  il^^  d»uiii;,'o,  and  vave  mti^t  Ik  taken  bH 
timely  coverinjj  of  the  vessel  th;<t  ihcy  dn  iint  hocome  scatificd.  9 
The  action  i>f  iMitassium  on  water  is  tuuch  more  inoderat*  v)if^ 
the  metal  ia  dissolved  in  mercury.     This  sohition  le  called   poUsuU* 
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<al^m   ^oiHS   tho  general   nniue  for  thosO  metallic  ailojs 
II  mi-n-ui-y.      In  tho  Liiwratory  it  ia  prepiired  hy  tlissiulving 
c   potaaeium  in  mcrcviry ;  ««iisid«ml>le  amounta  of  heat  are  set 
n  the  procew. 

the  Inr^u  suil^,  potaaaiitTn  byrlroxide  is  prepaKid  by  tho  action 

T);klg!LRi  tin  inifr,  l.he  iieccasiiry  amiilgiiTn  Iieing  prejuirwl 

niftti'vi.       If    a    SLiIution    of    potJii^siuni    clilyride    ia 

rolyseu,  tliluriiliiju  goes  to  the  aiuxli;  and  fiotrtsaion  lo  the  cathode. 

LiLt'er   H   furraed  •at    mercury,   the    potassium,  ufter  losing  its 

nc  charge,  di^olrnt  in  it  and  forms  potiisaiiim  amJilgnm  (p.  19^). 

I  ttctii  in  iitiotlier  part  of  the  appanilii^  on  water,  and  is  convert«i(l 

IMkUusiuin   liyditiYiiilp  with  evrilini<':>ij  <>f  hydrogen,  in  occordiineo 

V  Um  e4|iiAtinii  ^iveii  /lIiovc;    rbf3  mercury,  free  from  pot^sinni, 

poeaes  liack  tu  tLi-  utlhixlic  spact. 

A  •olntidii  of  jHitsissitim  hydroxide  mn  also  l»o  obuniied   eleeti-o- 

ly  by  using  lui  iinode  ot  sumo  other  metal,  r.g.  iron,     In  this 

ih>  potjiaaiuiii  at  all  sepamtes  out,  but  only  hydrogen  is  evolved, 

fk^hc   lumult-nncoiia  fnrmntiori  of    potus.'^iiinn   hydroxide.       It    hiis 

HHw  lMH>n  rcnuii  ked  (p.  11)8)  thnt  in  ihia  proeess  wo  miiy.look  upon 

■nnrn  »is  Iwiii^  tiret  formed,  and  then  rrjittinK  secondnri ly  with 

to  |;ive  [KHA.<siinn  hydrositie  and  hydrogen.      Another,  itnd  per- 

nvre   torruct   new,   is  to  regard    the    hydrogen  as  primary  by 

UD^  tb^L  the  liydrion,  whieh   is  present  in  Email  amount  in  tho 

■,  i*  i!i»chargod  and  forma  hydrogen.     The  correspondinj;  aiiioiint 

lijrrlnixidioii   remains  in  solution,  nnd  forms  potassium   liytiroxido 

iiii  the   [jijijiasion.      In   proporiion  .-is  hydrioii  ia  thereby  used   np, 

hwli  'iiijiniity  is  formwi  from  the  water.     Biilh  ways  of  viewing 

r  \irw:r9e  Iwnl  pnictically  to  tho  same  result,  iind  the  con  aid  era  Li  ima 

itith  cau»D  tki'  une  or  the  other  view  Lu   l>e   regardi'd  as  the  better 

w^  oDt  he  put  forward  here,  since  at  this  point  nothing  of  an  essential 

liunctpr  d>'|HMidti  on  tlium, 

TliL-  laethoil  jiiat  given  appears  simpler  lliin  the  previously, 
J»ailj«i  inert'uiy  methix).  To  it,  however,  there  attaches  nhe  very' 
xrul  ililbcutty  that  the  culhoJic  space,  in  which  the  caustic  jxitasli  ia 
nniwd,  tiiUBt  be  very  carefully  separated  from  the  an'Hlic  space,  in 
wkteii  the  chJorino  ia  ovolvcd,  since,  otherwise,  the  two  sid^staiices 
mill  act  on  one  another.  At  the  same  time  it  is  re<^|uired  that  the 
■rtertric  current  BhalJ  pass  through  unimpeded.  The  p>ron3  si-pta  of 
IMTi'lniii'nt  paper,  animal  bla^Mer,  or  l;^■^J  which  are  usiudly  employed, 
lUinit  a-ii«l  the  simultiineoiw  action  of  olilorinti  and  oauAtio  ["ilft^li, 
ifhl  lin:  u*e  of  the  method  la  dependent  on  the  satiafaetory  solution  of 
ik*  "ilu()iir»gm  <jTiP»tion,'' 

l^anhirr.  {totiusium  hydroxide  is  obtained  hy  a  chemical  method 
In  ii.-(Y.Tiipo6ing  [lotaaeium  carbonat-e  in  dilute  aoltition  with  cdeiiini 
iplnixijri.  Since  calcium  ia  n  divalent  metal,  the  latter  lompomid 
u  tke  (qnnilla  CafOH),,  and  the  reaction  takes  plaee  in  aeeordanoe 
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nqueoiis  anliitiori   it   is  veiy  estenaively  diBSwiated  into   its   lOiia, 
the  prniiurties  of  hjilroxidioii  are,  therefore,  vcrj-  stnongtv  tlt-veU 
Even  in  very  dilute  amiution  it  colours  lilmiiG  Wiic  and  phenolphli 
red.     Somewhat  stronger  Bolutions  liave  ii  soapy  (pi'Iiiig.  It«cause 
dissolve   the    skin   of   tbe  fingei-s  and   convert  it  into  a  fiimy 
they  exhibit  a  pimilar  sijlveiiL  actiun   oii   fats,   hnrii,    h^ir,    ami 
finimal  substances,     Aoidfi  of  nil  kinde  are  iientml iscd ,  '■■'.  conver 
iuto  putassiuDi  salts,  and  ii^xHrjil   suits  con ULiuint;  other   niuUib 
mostly  decomposed  in  sUcli  a-  wwy  th«l  p<itsiBsiimi  sjdts  arc  formed 
the  metais  arc  dejioaited  as  hydroxides. 

Since  the  lust  reaction  is  l:irgcly  madtj  use  of  in  nniilysia  and 
technical  piii'poaes,  a  short  discussion  tif  it  will  ho  given,     If  a  sol* 
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of  cJiuatic  [Kilasli  is  fldtlerl  to  the  suhitinn  uf  .i  stilt  tlie  mmtil  of  wl 
forms  ;i  liiilioiiltly  sohiblc  hydruxide,  this  liytlroxiilp  will  Iw  pre 
t^.t.ed,  tecjiiiso  ao  much  hydroxidian  ia  introduced  into  the  »ohiiinn 
mt'iina  of  the  potnsh  thjit  iho  solubility  product  of  the  hyilrnxido 
qneetton  is  greatly  cxceedeil.  Since,  now,  tho  hydroxides  of  iklinc 
nil  lh«  nit'tals  oxwpt  the  idkali  niBlJilB  am  less  soluble  llnui  putju^l 
hydroxide,  their  sails  arc  all  deeoniposed  in  the  almvo  m-iniicr 
potash  .'inlutioii. 

*  Thusj  soliitiona  of  zinc  salts  give  a  white  prmpitato  of 
hydroxide  with  canstic  potash  :  aohilions  of  iiickiO  sdts,  a  p'een  ; 
copper  srtlt^  «  him;  |>rwipit^»tc  of  hydroxide.     Aminotiium  salts  on  \x\ 
hbiitod  ftfter  tha  aildition  of  uanRtic  potash,  evoU^r  ammonia  j^as.  whi 
can  be  dctccU'd  by  its  sniL-11  imd  by  the  fume»  M-hich  it  given 
hydrochloric  add  (p.   ri4i:),  Ihocaiise  the  anunoniiim  undergoes 
fomwtion  with  the  hydroxy!  to  water  and  ammonia. 
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tliaae  reactions  are  due  lo  hydroxidinn  mid  not  tn  |M)tJiaaioii, 

Mme  iitactioiis  ai'«  given  wht^n  tlie  luitci-  ibi  rephicud  by  siidioa 

Kin  ai  any  other  Alkali  niQt^d.      What  htis  jiisb  bccti  aaid  is, 

pfore.  not  «  di'scrlplioti  of  cHustic  potash  in  |>iirliL'iiI;ii-,  but  uf  the 

jly  •Ii»Aoci»t«' )  hydmxitioB  in  general, 

iTho    epocial    properties    of    jwEaasion    have    already    l)C«n    given 

,431.   Potassium  CMoride. — -Ttie  nmst  wiciiely  distrilmtoil  in.lt  of 

nuDi,  itiid  thu  one  wliitli  is  most  important  tcchiiiuilly,  is  poUie- 

rblorido,  KCi.      !t  wcnre  rmturjilly  in  rejjnlar  fiysUds  us  ni/lriw ; 

{ouDd,  Jiowovyr,  ill  inucli  liirK^i'  quiiutitifs,  iiniLod  w  ith  m;igticsiuia 

as  tatwi/lifr.     Tb«   hilttT  mimonl  will   bo   duscnlied  under 

rium,  M  will  fileo  tlia  method  uf  obtaining  |>otaeeitim  chloride 

it, 

PutodBiiiui  C'ldoi'ide  is  n  colniirlcsa  &-dt  which  is  rcjidily  soliibie  in 

r,  uid  which  fuses  only  at  a  fairly  high  teniporatiue  (730  )   to  a 

rleu  li<i^iii'l  which,  on  gtilidjfyjn^,  fonns  the  siime  regular  crystals 

tare  ot>Uiined  from  the  ar[uooim  sciltitioji.     The  aohibilily  of  potassium 

1«   ill  water  increaaos  ulniost  propnitionally  with  the  teTOpem- 

at  0",  100  [inrts  of  water  dissolve  2S  parts  of  the  salt ;  at  100°, 

jmrtM  (p.  21a). 

The  soltitinns  exhibit  the  reiictions  of  the  ions  of  the  salt. 
IttMU!*    the  i'lnMi|»eat   potftsaiiim    adt,    putfissiiim   chloiide    \b   used 
|a-epiu-iiig    nimiLTous  other    potassiiira    shIis    and   Jis   a  furfUiser, 
3»  ia  an  ussential  coiii;utnent  of  pliiiils ;   the  (jUiinlityof  this 
It  m)|)iifci]  by  the  dilTcrent  plniila  is,  however,  tlillerunt.     More 
My  iij  the  cuse  'tf  the  3ii^,ir  beet  is  a  htrge  nmotint  of  jiotaesiuin 
rj.     Kow,  tho  normal  soil  coiitaina  mther  conKidcrableqiBantitiea 
itun,  diifltly,  it  is  tnie,  in  the  form  of  cotiipoiiiid  &ilieatea.     On 
it  of  ibo  Bhtjhl  tendency  to  decompose,  these  silicnteH  ai'C,  how- 
armiUbli^  in   such  small  aTnount  tliut  vvhtu-c  there  is  »  long  eon- 
oocupaliun  uf  the  soil  by  plants  nlnoh  take  up  laT^'«  quantities 
ijaoi,  a  uimi penssition  by  solnlilcr  potussium  salts  is  necessary, 
pufposo  ia  serve"!  by  t\w  inanuircs  conUiining  pi>tjissiura. 
These  are  obluinwl  from  naturally  oci'iirriii;^  niiuemi  beds  which 
«si«nd  widely  tbruUj^li  North  unil  Miibdle  (iermnny;  they  have  Iteen 
rkvd  with  imwl  BU(jet>ss  at  Stjissfnrt.     There,  are  found,  lying  on 
exiomtiKi>i  Uyer  of  common  twilt  {aotlium  chloride),  e.\tun»ivo  beds 
mineral))  (abraum  salts),  from  the  nature  of  whieh  it  is  piob- 
thu  we  nrv  lier^  d^'aling  with  the  residues  of  tho  evaporation  of 
'a  former  aca. 

I ''..'    Potassium  Bromide.  KBr,  is  a.  white  suit  whivh  crysLuUisea 

ir  fiiniii!,  !■  rwtdily  soluble  in  water,  and  is  generally  employed 

■  Ali  j.»iqwio*L4  f<>r  whifb  tii'.niiiditiiii   is  used,     L;irgc  amyuntu  of  it 

I  noed  in  [ihoiography  for  the  pi'isjjjiraiion  of  silver  hroinidw  ;  it  ie 

used  in  medicine. 
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Metjilljc  sodium  j$  largely  used  in  the  arts  ami  in  the  lal 
Its  formet  iniporLiiiii.x^  fur  olitaiiiiiiH  otlicr  (lifficiiltly  I'aihicit)!^ 
has  iieon  lost,  yiiicci  ilie  ijl>jei:L  eim  ;;fnefally  'hs  wttaiiit'd  more 
by  niDiiiis  of  magnesimn  fir  aliLciiuium,  or  liy  the  flt'ctrrilytic  mn 
It  is  i]sed,  howtiver,  as  a  |iowerfiil  rftihicing  a^'eiil  in  rrntuy  rcacUod 
organic  dieniistry,  and  for  obtiiiiiiny  reactive  intflnueJiatu  proilL 

For  tlieee  purpi5fies,  the  msta]  ia  best  pmployod  in  a  L-niiditic 
which  it  olicrs  a  large  siirCacn.  Since^  nnawoiint.  nf  flic  softiics*  ul 
nicta],  it  eaiinoT  lio  rudiKii'd  to  sniiiil   pieces  l">y  iih)ws  or  i>y  tilirij;, 

furceiJ.  I.'V  iiifaris  of  uu  iruii 
press  (Fig.  I  K»),  throiijjh  na 
openings,  and  is  thus  ohtaiiie 
the  foTiri  of  wii'e  or  o(  rihboj 
cording  to  the  sliiipe  of  tha  i 
irg.     Since  ill  ihisBNilL'  l-hi'i 
very  mpiilly  usiilisfs  in  the! 
llieii'ire  isallowoil  lu  full  riir 
iiiU)   the  liquid  on  uhii'Ii  H 
iLcL,  or  it  is  coUticted  in  a 
which   does  not   cunlain  caj 
Pctrok'^iira,   whiL-h   is  ihivJIv  I 
pl'fyed   for  this  luirpnae,  liaBl 
ilisj«lvaiimj?t-  that  it  is  dill 
reniuve :    lor   i-iieiiiicni    jitu 
therefore,   it  ia  better  to  usu  reaJily  volatile    liy droem-ljuiis  ubli 
from    the    low -boiling    purtioiiB    nf    }>etrolL'iim    (bo -called    jjetroll 
hunzine  or  petroleum  ether). 

t"j4.  Sodion. — Tho  dcacriptioo  of  thegeiiend  chariicitenstica 
was  given  for  potussion  citn.  lie  rpplied  alninet  word  fur  wtml  m  m 
Thia  itlao  is  a  motiovnlt^nt  ion,  wbii:h  in  coIoiii'liiSiS,  luid   foirois  iiln 
t'KcI iisively,  reudily  soluble  salts.      In  tliis  respeet  it  ie  even  hUjicrifl 
{loUH&iuin,  since  tliei'B  is  aoarcoly  a  difficultly  soluble  salt  of  »o 
known   by  means  of  which   this  i<in   could    bo  renilily  Jimi  e*r 
ilelcctfd.     Further,  there  is  nu  co-mpouml  of  ^iHliiim  Itimwii  \v\ 
formed  iii  ai[ue"ns  snUitiiiii.  by  tho  eolour  uf  which  it.  is  poSbihll 
detect  sudiuu.     This  is  liiic  to  th^  furt  lh»t  in  ul1  •k|iicoiis  golut 
which  contain  sodium,  ihiil  elenienb  i&  pi'eHi*nt  in  thF-  form  of  si» 
Ctr,  in  otliCi'  words,  iiu  sodium  compoinid  can   be   Jiaaolved   in 
without  being  converted  for  the  most  part  into  sodion. 

Tho  'iftectum  of  s^jdif/n  ia  unahjsU  would,  therelore.  be  it  mutti^tfl' 
dilficiilty  if  it  werr  not  that-  there  is  ;iibotijer  projiorty  by  mi-aiiii  d 
which  it  is  rendered  vi^ry  easy,  Thig  is  the  yellow  i.>oli;>intion  «hd 
is  inijuari^d  to  n  (lame  lliruii{;b  the  presence  of  sodium  (p.  67>).  To 
what  form  op  ef>iii|)Oiind  of  aodiiini  this  ycHow  light  has  tu  V>e  aacrilx^ 
li»s  not  yet  been  deteriniuud  with  certainty,  althougli  it  is  very  proWih 
ihio  to  the  iricnndescejt  vjipour  of  elomentary  sodium  ;  for  tin?  pUTJ" 
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HIV  along  with  the  ions  2F'  find  H',  as  the  tlisBociation 
of  the  Urn  HP.,'. 

Potassium  Chlorate,  KCIO^  is  ii  sJilt  whicli  ciTsuilliaoB  in 
3ns    muiiuciiiiic  libuiiri:u.  tlii;  solii1*ility  uf  which   in  wntcr  is 
Inw   t^mpt^i'iiUirL'a,  h\it  very  cuiiaideriiblo  ul  iiigli.       If  (be 
tr  is  rrprraentcfl  ns  onlitiaiea  ami  the  lempernliire  as  nhgcisaa: 
|6.  I'.  Hit*},  II  vi\rv&  \e  oliiaiiied  which   is  convex  on  the  iindiT 
tht)    iiicrcut«ii'   of   the   aoliiliility   is   not  pmporUonal   bo   tbti 
iture,  hut  IB  raoip  iiLjiid. 
fi^rouit-iDn  of  [ifjt.iseium  chhii^Ltt;  liy  pussing  I'hlorine  into  n 
of  caustic  [toiash,  ^toes  ncit  diilttr  from  ch:it  of  siMliiim  ehlnrate 
111^      Sinco  in  this  process  only  a  ^ixth  of  the   jxittissitiiii   i?  con- 
into  cWoraW,  the  iKitnsK  is  replaced  by  the  rh«jiper  (.■nlL-iuai 
JOi  which,  in  a  pt-rfectly  similar  mtiiirier,  yields  caltiiim  cliloride 
nuDi  chloratdL     To  the  solution  i«  udderl  potassiani  c-hlonde  in 
eorreqMnding  to  the  quwntifcy  of  c-vkiiim  chlorate  ;  on  c«.>iiling 
tht!  Uquid,  the  jjrodiict  of  the  concentrations  of  [toUisaioii  and 
ijon    18    considoraWy  gr<?at*r   than    the    sohibility  product  of 
■nm  <!hIoraie.  and  this  s-tJi,  ihcreforo,  ia  deposited. 

chlonn«  re«|iiircd  for  the  reacti'jti  ia  how  no  bnirei'  prepared 

nical  melhof],  as  formerly,  but  ftfc/itili/ficiiKit.     As  ivas  shown 

If.  I->1,  hydrogen  and  cuislic  potash  aro  formed  nt.  the  L-athode 

chlorino  at  the  anode,  when  n  solution   of  potassium   elitoride  is 

iyat^l.     xrhile  it  is  of  eBsetilial  importftnce  to  keep  these  two 

■ejnnitv   whore  It  is.  a  rinestion  of  ohtaiuinf;  the  caustic 

they  mtiBt  be  allowed  to  act  on  one  another  when  the  object 

Dn|nre  potos^um  chlorate,   and,   in   contrast  with  the  former 

It  m  Aspecially  advantngeoiiB  to  efioct   tho   miring  of   the   two 

lu  quickly  and  as  completely  as  possible.      In  places,  such 

rhiD't  and  Norway,  where  electrical  energy  can  be  obt;unt.il 

ily   *tjr  means  of   water  power,   the  whole  atnoHnt  of   chlorates 

ia  iiow  prepared  in  atich  a  mann<^r. 

ill   thia  reaction  all   the  potassium  chloride  can   be  filially 

into  chlorate  and  only  hydrogen  is  formed  as  liy-]>rfM|uct, 

iGkemical  pn<ceBR  can  be  i^ummarised  in  the  eqimtion  KCI  ^  ^H.,0  - 

J*  3Hy     Such  aprocess  docs  not  tike  place  spontancouRly,  dace 

r Milwtanccs  on  the  right  aide  of  the  equation   contain  much   more 

jy  (more  both  of  total  cner^  and  of  frye  energy)  than  those  on 

,  from  which  they  are  formed.     To  make  sitch  a  ]>n)cess  piw^iihle, 

B.  free  energy  must  ho  comranaicated,  and  this  ie  done  in  iho 

•^f  the  elcftric  ■current. 

*  I'hr  aetiou  of  tlie  latter  consists  iii  converting  the  ions  which 

(ireM-nt  into  neutral   substances  {or,  Pice  rcrsii,  nciitnd  BiibstanceB 

»>at  the  electrodes.     Since  changes  of  energy  always  ai-i'i mipany 

furtnatinu.  two  dilforenb  cases  may  arise.      In  thi-  tiret  place, 

tmOD  o(  the  transfonnations  may  Ito  accora|miiiod  by  an  tiiminalion 
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Of  exiu'llj-  the  siime  nature  i"s  a  ckrk   line  in   the  yellow  of, 
soliir  apGcLnim,  whicL   is  olntjiiiied   l>y  reg»r(li[)g  sunliglit  whie 
passed  lliroiigh  :t  iiart'ofl"  slil,  l>y  moans  of  ;l  |irisni.      Wlien'-iia. 
tliust;  conilitioiis,  the  Jjght  given  by  tncaiid*si;eiit  aolitl  (or  li.[Ui'lj  In 
yiehls  si  amtintuni,i  speutriim,  r'.L,  a  colmired  hniid  in   which  the 
of  the  slit,  <'onsietiiig  «f  cnjliiure  of  all  fr^rjuiyjicieg.  fwUftw  eswh 
witinml  Itreak  fium  red  lu  orange,  ypllow,  ^-oen,  blue,  and  vit 
light  from  th«  saw  is  discoiiliimous.     In  this  case,  certain  coloitn,] 
liglit  of  certain  fr«(t'i6"tii«s,  are  misaing  \\-om   the  colonrcd   hiind,] 
that  at  thesti  points  dnrk  iinii^'(;e  af  the  ^tit  n]){)car,  ^vhich  foiin 
liti'Gfl  across  the  speetnini  jwriillel  with  the  alii. 

Himilai-  djirk   Uju'S   can   be   produced   arlifitinlly  hy  ultowing 
mitiiniimis  light  *if  hh  incandescient  Ijody  Xm  travcrst-  a  hot  j-aa  which 
itSEilf  gives  bright  lines.     These  dark  lines  also  nppt^ar  at  exactly  I 
aaniB  point-s  as  the  luight  lines.     Thus,  n  dark  lini;  in  the  yello 
ohti\iiieil  Siy  bringing;  thf  flume  of  »  Bpirit-lnini>,  on  lh«  wick  of 
some  sfidiuiii  suit  iuia  be^ri  stivwii,  before  the  inean descent  fibre  ntj 
eleclrie  hiinp,  and  regarding  this  througb   x\w  sixliuui  H:irne  hy  m« 
of  ji  (Hrisni. 

The  eatiso  ii(  the  [jioduction  of  these  dark  lilies  is  foiind  in  tlinl 
{eatHblisljed  by  KirchhoET  in  1^60)  that  (^iibstancvs  which  emit  defln 
v&ys   CBpecially  strongly,   also  absorb    these  samEt   rays  with  tap 
complete iiaaa,  the  nidiant  energy  being  converted  into  hf-at  or  cboniii 
work,     Ur,  w  stati?  it,  ditiierciiily,  emission  and  ahsoqitioii  dcjwnd  I 
the  same  wny  on  the  oscillation  fre<[nency  or  the  wave  longlh. 

In  the  experiment  ricBcribcd  above,  the  jtrodnction  of  dark  liiix] 
due  to  the  ffu't  that  ol'  the  cunti nuocie  strong  light  of  the  iiie^andca 
carbon  hJameiit  eertain  yellow  mya  are  al«<^rb(Mi  by  the  yellow  adcoi 
HaiiiO  and    triitiii formed   into   liLrut.     At  this  point   of   the   sjiect 
therefore,  only  so  uinch  light  is  obtained  as  is  emitted   by  the  «lii 
tlanio  ;  and  if  tliii^  aniotint  is  I^sh  than  the  corresponding  portion  oCl 
light  from   ihi*  ciirbon  filament,  the  part  appeare  ditrk  in  eomfMirii 
with  the  .surrounding  portions.     To  eneui\^  the  euccesn  of  tlie  es{ 
ment.  therefore,  the  continuous  sfjectrum  ninst  be  very  bright,  Imti 
absorbing  gas  mm!?  only  slightly  hirtiitmus. 

From  these  considerations,  it  is  conehideil  that  the  sun  eonsiiUI 
ii  highly  Uiminows.  and  therefore  very  hot  eore,  which  yields  a 
tiuuous  apeclitiiD.      It  is,   therefore,   proliably  li'pdd  or  sulirl. 
core  is  aiirroundfld  by  ti  gnaeous  tnii-ntltj  at  »  lower  teuipcratuii' 
possessing  feebler  Luminosity  ;  in  which  the  vapours  of  those  Bul«tan 
are  present  the  bright  lines  of  whieh  coirespoiul  to  lb«  dark  lintel 
the  solar  spectrum.     In  this  way  the  presence  of  more  than  halt 
element^  found  on  the  earth  has  Iwen  rocogniaed   in   the  atini»[(ii*pr 
of  the  sun.     The  chief  elements  present  aa'  hydro^mi,  soiiiuni,  catriimi. 
magnosiuifl,  iron, 

•   4o6.  Indirect  Analysis.— If  it  ia  known  that  only 
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m    chlomte   irbich    is    jLlmost   eiclnsively  iiseJ  for  this 
Me  to  the  fact  thuE  it  is,  of  iill  the  chlonttos,  the  ojie  which 
gnst  kiiowij  :iii.i  ia  the  easiest  tu  inopare  [iiire.     In  many 
iver,  tta  slight  Boliibility  ut  medium  tcmpeiuturcs  is  u  die- 
;    it    is    thru    n-plai-ecl    by  the   much   more  i-eadilj'  soluble 
dtlonLt«  (wbit:1i  3«i3), 

I  evnhition  of  uxvgen  from  fnseil  potassium  (.'hlomte  is  grt^atly 
Ued  hy  the  (»r«'»ci ice  of  foi^igii  auhstancee  which  i\u  not  take 
b  tha  lojurliujj.  lii  thie  respeit,  ivrnv  tisitle  is  tli«  most 
i  ;  if  tincly  frnwilvred  [lolasflium  (ihlufittc  is  iui_VL'd  with  a  fourth 
rri^Ht  of  ferric  oxidi-  aud  tiie  niixtuici  heated  at  ouc  point,  it 
N  incandoscAiit,  and  dccompoaos  with  iihuost  explosive  violence. 

fctllnugh  fcL-bliT  itction  13  ujccrted  tiy  nianyaiiese  dioxide, 
therefuri;  thictiy  used  to  fivcihtiito  tho  doeonipodtioji  of 
3  <p.  ti3). 
B  metion  is  pteriiy  dito  to  the  fact  thAt  the  tine  powder  of  the 
^oes  odflcd  f»ci[iC4ilu8  th«  evolution  of  gn^  ow  iu^  u>  tho  pr(-»L>nce 
bubbles,  OH  ti^xppciiM  in  the  cAse  of  Biipcrsuturatod  ^a^  sohitions. 
f  deoompoGition  nf  potiiissium  chlurale  into  potassium  chloride 
^"gen  ia  not  n  prM'ess  of  disaociatioii  which  Icudi^  t(>;imeu»uriible 
U  o<|uililmuin,  but  a  process  which  takes  p]a<:c  only  in  one 
HO,  Mich  iiis,  c.;y„  thu  wjinbustioii  of  chjiii'oal  )ii  osygeu.  The 
b(  also,  practiLvillv  t'aiiiii>t  be  reveraed  ;  no  measuiiiblt"  amaunt  of 
lam  ohlaniie  ie  foi-nieil  by  heating  potassium  chluridu  in  oxygen. 
||Miuiu  chlorate  hikt^,  therefore,  to  l>e  regarded  ;is  iin  unstable 
^Hj^  whu6«  existence  ilejioiids  on  the  fart  that  i^he  decomposition 
B^nulcrgocs  t»k«8  place  ao  slowly  a^  to  be  iiiiipitrcciublc  hy  the 
■y  m«uw  of  detection.  Even  at  the  temperature  of  fusion,  the 
T  o(  ilvcom position  is  not  loniiid enable  when  the  auhstauce  is 
but  is  calalytieAJly  acoelt^nitiHl  by  the  substances  mentioned 
Tbia  follows  from  the  fiict  that  powders  nf  approximately  the 
fineness  and  enclosing  the  same  amount  of  air  exert, 
perfttiiro.  a  very  ilcA'crcnt  action  on  the  fused  i^hlorato  ; 
only  a  modurjilv,  tho  other  a  violent  decomposition, 
ttor  is  all  the  tuwe  dangerous  the  larger  the  iitnonnt  of  salt 
ipaaeil  at  one  time.  From  the  thennochemica]  measui-emenu  it 
that  in  thu  dccoiu|iositioii  of  poto^ium  chEoti^to  into  pota^ium 
de  wid  oxygon,  34  Ij  are  evolved.  From  this  it  follows  that 
kit  und«r^Mitg  d&compoaitiun  miist  ri»e  ia  tctu|M;ratur^  ;  the 
^nation  is,  however,  ibereby  acL-e1  erated.  If,  liy  using  com* 
irelj*  largp  ijmintities,  the  dissipation  of  the  heut  is  madt  small, 
■npqntiirc  rises  so  high  thnt  erinipletu  decomposition  'Mrcurs  in  a 
■hart  lime.  These  are,  however,  the  phenomena  of  o\piosiou. 
The  raialytic  iKtioti  of  the  Bubstances  natnwl  can  l»e  demonstrated 
refully  fiisiiif*  pure  potJiasiiini  ehlotiiteand  waitinf;till  theev&Iulion 
I,  wbicfa  uauolly  occurs,  has  ceaaed.      If  into  the  quietly  Hawing 
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made  in  the  lietermi nation  of  S,  the  error  in  ihc  calcrilation  of 
be  gre!it«r.      In  the  tiist  lexa.TiiiiIe.  it  iuuouiits  to  4  per  cciil. 
second  to  mora   Lhun  '20  ptr  te<it,  of  ^^■lu^^l  one  emu   f.iLsily  wm^ 
oncaelf  \ty  porformin^  the  calculiitirm.     This  is  liin.-   l-rn  llie  faict 
tbe  magnitude  sought,  :'',  is  pfoportioiial  not  to  tlie  iii.i-iaiirei]  vain 
but  to  the  difference  S  -  h,  iis  the  funnulii  sliows.     If,  fur  vx» 
half  aa  great  as  S,  an  error  of  one  huiidredlh  in  S  Mfill  be 
error  of  two  huadredtha  in  S  -^  and.  accordingly,  t-he  ilf^ler 
of  r  wilt  be  erruneouB  to  tbe  extent  of  Hvo  bnmirudUiB  nf 
In  ^'cnm-al,  the  relative  error  in  tlie  reaidt  is  to  tluit  in  S  as  S 
S  -  h,  and  it  becomes  all  the  graiitei'  liii;  sniiiUei"  the  tiill'ereiK-ei 

"  The  priK'tifid  rules  for  the  choice  of  iiidirf;:t  nietlioilR,  wliio 
be  deducml  from  the  ubovii,  will  nut  bt>  giviMi  bere  ;  on  the  ocnti 
it  may  bo  left  to  the  student  to  lliink  thrso  out.. 

457,  Sodium  Hydroxide. —The   pn.|iei-ties  i»f  this   imp 

cotnpuiinil   iiave    itfre/uSy    iiern    deacriberl  ;    idoug    with   cnuplir  pot 
it  forma  tlif  tv]te  nf  a  atrong  ivisv. 

Towfutii:  ivntev,  ciLUBtic  sodii  behaves  in   tlie  eiinie  ivaj  as  vnt 
potash  ;  it  dissolves  with  greitt  evolution  of  hwit  to  form  ii  Tery  i 
centratetl  solulion.  fram  which   a  Uydmle   L'NaOH.  ~H,0  i«|; 
out  in  the  cohl.     On  eviipoiiition  by  linilin;^,  the  aohilitm  juuises.  i 
the  case  of  tanatic  potaeb,  ipitii  the  fusn^  *nihvilMHis  r>iui|«'urn! ; 
rettaon  of  this  Ijohavionr,   ivlucli   iliH'en   froiu   tluit  whieh  i.^  nau 
the    cii^Q    of    aolutimifi    of    solid    antistancea,    is    tJie    same   as   in 
case  of  caustic  potash.      In  tnojst  air  caustic  simIu  takes  np  wiit^ri 
deliqiicaccfi,  hut  it  resoliiltlies  agiiin   b^'  abanrptiou   of   carlmnio 
much    more   (jiiickly    than    deHqnesced    eanstie    potash,    becniiM 
nonnal  BoJium  airboimte  is  not  Ji'liiiiieaccnt  and  ia  ileptJ^itvul  lai 
solid  statti. 

For  tho  prejMitutioil   of  Oatletie  nodn,  the  luethuda  given  on  p. 
can  lie  repeated  almost  wonl  for  wonl.     It  i^  now  olil^Jnwl  by 
trolysis  fi'om  sodium  chloride  or  common  salt,  whereas,  fonaerl^J 
was  almost  excliiHively  obtaine<l  bj  the  decomposition  of  sodium 
bonato  with  lime. 

If  it  is  a  ijufstion  of  obtaining  small  ifuantitiiui  of  sodium  hydroK 
for  lalwralory  purposes,  we  may  start  wiih  wrlnllf  sodiom  and  At 
pose  this  with  uratiu.     One  of  tbe  siniplcsi  inethnda  ot  pr«-paring  it  ^ 
place  mutjdiic  Bf>dium  (best  in  the  form  of  wire  or  of  ribbon)  in  1 1 
of  plntiimm   or   of  silver  tilnuiliiig  in  ti  desiccator  cujiUiiiiing 
The  sodium  decoiiipoat's  the  water  va]>onr  and  ie  converted  into  «iO 
soda,  while  the  bydiiigen  eseapts.     The  defiiceatur  mnut,  timrefor 
furnished  witEi  a  tube  (i-iiieb  iillows  the  liydrogt'ii  In  pits^i*  nut  wit 
allowing   the  aUiiusplioric  cjirbiiiiie  acid  to  ciitur.      For   this   pur 
a  tube  fillLil  with  smt.i  lime,  i.j,  u  mistnre  of  cimslJe  sodn  i»nd 
is  used. 

It  can  also  be   prepared  by  ]>ouiing  water  over  sodium  amnl^ 
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cm  crysUillisilmji.  This  is  anolhei'  example  of  llie  fact  tliut 
lie  a*;u-ls  can  yi«J<.i  acid  sjilLs  likti'  ■diba.sk-  m-'iils, 
t^tl  fH^iA.'iRiiini  iLHiiite  h  h  siilvutiiiin^  which  can  be  uaml  in  m^itiy 
ToUimeu-ic  analysts,  since  it  crystJiUisios  finhyilrciiis  and  ciiii  he 
rcigbtyL,  On  the  unc  iiuml,  by  dissolving  weighted  (iiiaiilities  of 
loan  of  a.  dcfiinlf^  ficiii  tilre  are  obtained  ;  il  eiin,  therefore,  he 
fcbe  staj~ttn^  suliistHnct;  i»r  the  iluterminiLtioii  of  acifk  niid  bases. 
other  h&nd,  u-itli  excms  af  potassium  iodido  undikcJd,  it  gives 
it  of  frwc  iodint-  vriiich  caji  be  caltiihitetl  frum  the  e(|utiliuii 
^-  lOKI  ^  I  IHC1=  ilKCI^6H.O  + tJl^  so  that  it  c«ii  also  be 
InAiA  f ur  )odom«t3-y  (p,  3DU).  Howcvur,  it  is  iiobtjiiitc  easy 
a  Bait  of  voQstant  com  position,  for  besides  the  stilt  just 
there  is  a  salt  KHJjO,,,  which  separates  out  from  more 
»citl  si>ltitiQn£. 

Fotassinm  Carbonate,  K.COj,  was,  hi-foic  the  JieciA-ery  oi 

potBfih  beds,  ibi'  mIi  i>f  jioUissiiim  which.  w.-ib  available  in 

abundiuioe,   and  v/us   therefui'e   the  most  imporlunt.       It  is 

because  It  was  obtained  from  the  nsh  of  wood  mid  other 

te.      Ill  pUnts  iLq  potasiiiuin  4;dt9  of  oTgatiic  ucida  occur  ; 

pbuitB  are  burned,  the  r-arbon  of  the  iicids  passes  into  carbon 

■  and    tfac   ixita^aiiiiu  retuaing   in    the  ash   in  the   foi-iu  of   the 

alrtain  it  (rom  thi»,  the  aeb  is  extrueted  ivith  water ;  the  soluble 
at  which  iha  chief  is  potassium  carlionute,  are  dissolveil,  ami  the 
C(MM«itiiviiU  renii^ili  behind.     To  obtain   the  salt   itself,  the 
m  must    be   evajwraled.     The  expciiiliture   necessary  for  this  is 
gre«t«r  ih*  grcAt^r  the  cjiiantity  of  water,  reUtive  to  the  aniount 
which  has  tu  be  removed  :  it  is,  them/ore,  of  iuiiwrtiince  that 
ioti  sbotild  he  pre]uired  which  is  as  eoncentfaUKl  as  pissdilo.     Qn 
ber  hand,  it  ia  just  as  important  to  t:xtract  the  salt  115  <:omplctely 
tblc  frota  the  ash,  tor  which  purjKise  repieateit  extraetion  with 
water  is  neeeseary. 

fulfilment  of  ihcso  two  apparently  opposed  demands  becomes 
by  means  of  the  principle  of  amnte.r  (urrcnls,  alreiuly  mentioned, 
ra  be  given  a  aeries  of  vi^sseis  with  ashes,  ;V,  B,  C,  .  .  .  If, 
A  is  extract^  with  a  certain  ijiiantity  of  water,  the  solution,  on 
hanrl,  in  by  no  means  saturated  with  potassium  cirbojiate,  and, 
•  other  hand,  n  large  amount  of  the  ealt  remains  behind  with  the 
«inc«  all  the  »olmioii  cannot  be  removed.  For  the  uxtmctioii 
tbrrc  ia  used,  not  pure  water  bnt  the  solution  from  A,  and  A  is 
t«il  with  a  fre&h  portion  of  pure  w.itef.  By  this  means  a  much 
eaactmtrated  nulutiun  ia  oht^iiined  fixim  B  and  a  much  smaller 
B  remains  in  A.  The  golntion  from  B  goes  to  C  and  disisolves 
lalt ;  the  solution  fcoiu  A  iit  used  for  the  t;xtniction  of  the 
■•  in  B,  and  by  u  thii'd  riuantity  of  pure  water  the  salt  still 
Hi  in  A  can  1>«  almost  complt-tely  removed.     ' 
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»queoua  solution  of  potaasiiini   carlionatc  hus  ;i  fairl)'  strong 

etion,  anil  exhibits  iilsoihe  other  chara.cl«nstic8  of  hydrox  klimii, 

M  l*>   iho  (lu't  ttiMt  the  ion  00.,".  wdith  is  tlifl  Jmmedittte  pro- 

""  octutiim  of  thrt  salt,  rwicia  with  rhti  wjittr  of  tlin  solution  in 

with  the  ciiiali-m  CO^'  +  H^O  =  HCO;  e  OH'.     Eeftcti^.na 

[iud   liiLVe   boeti  ili^cnsseil  iit  k'n^lL  iii  coiiiiiictiun  with  [iliua- 

ad  (p.  367). 

Hmni  earhiinnto  is  ii  cocivenitiit  starting  siilistance  fur  ilie  jure- 

of  otber  pola^i^ium  enlts,     Un  the  one  hand,  most  free  Acida 

i^orrtrsjioiuli  HI!  salts  wiih  potassium  carl  ion  ale,  ivith  evolution 

I  dio.xifi*-     ^,W^loniL■  iun<l  is.  it^  ]ii(.fi  ali'&i^-i^'  Itucn  sho^vn  (p,  39;?), 

restk    aciil.  hih]  this  r^sftiou  ihcrefore  ta]i>oj   phico  with  great 

i-  tknA  comploti^ncaa,     On  the  other  hand,  carbonic  acid  forms 

icultlj-  ^oliililc  Silks  with  almost  ;U1  metiila  except  iTiuse  of  iht' 

ro«p.       II,  tliftfi^forn,  ^idl.s  of  ihosfj   m^tiU  with  iiiiy  scids  «re 

to^ethpr  wiib   pijt;t.'W!iiini  i.'<irhonatL!,  the  sohiliih'ly  product  of 

rcs|>t>n<lir>g   nittJiibV  ciLrbnnate  is  uxcee^ic-d,  and   tho  lattipr   is 

UmI,  wliilv  thy  jjotiissiiim  s^lt  of  the  acid  remn-iiis  in  solution, 

tieh    it   can  l>e  obtjiiuod  by  evaponition  after  fillering  off  the 

it^' 

p.    Potassium  Bicarbonate,  —  In    the   aqueoua  solutions  of 

h  "i-miate.j  ihu  ion  L'U^"  is,  as  luis  alrcjirlj'  \»ien  meiilioiied, 

'-■«!  I)jr  the  Jictiun   of  the  wjiter  into  ihw  ion  HCO3' ;  thu 

Ut»  ns  fort  111-' !,  however,  umoiints  to  only  a  few  per  cent  of  (he 

lity.     If,  however,  carbon  dioxide  be  passed  into  the  solution, 

ion  COj"  -  COj  -  H.O  =  2HC'0s'  Ukes  place  nlnnost  completely, 

utitHi  ol  the  iicid  or  primary  jmtassiLim  cirbonate,  KlICO^,  in 

If  lhr»  aniution  was  coiicentnitcl,  the  solubility  prodnet  of  ihia 

■1,  and  it  is  di.>]mi.ited  in  monoclinic  orjsials. 

"H  reatt*  fiiirly  neutral,  bill  atill  not  so  definitely  as  that 

of  a  atrctii.^  ;LC-iil.  und  rlilnte  sobilions  «\hi1iit  even  n  distini;Lly 

roaction.     TUi«  iii  due  to  the  fiKt  thitt  iho  first  ion  of  the 

earlM-mitr  ncid,  although   much  stronger  than   the  second,  is, 

ftfao  ion  "if  11  vei-y  Weak  acid.     Hydrolysis  therefore  wcUra, 

the  solvent  water  uniting  with  HCU^'  to  form  nndiesoci- 

niic  acid  HX'Oy  or  lis  anhydride  CO.,.     The  preaencp  of  the 

ponnd  tan  be  eiisily  demonstrated  l>y   heatmg  the  solution  ; 

'ora    the  Wiling   point  hits  been  renchcd,   hubbies  of  carbon 

evolved.      In  |>ro|>ortion  us  carbon  dioxide  escitpes,  moro 

By  reason.  bowcv«r.  of  th*   ijii:r«a&i«g  ton  cental  lion   of 

II,  liie  <>i|ui1ihri[ini  cliauj^es  so  as  to  become  more  and  more 

bl<'  t'}  nirb'^ii  dioxide,  und  thi-  eVohltiou  of  the  giis  finally 

ioJIy   to  zero.     Thif  ratio  of  the  concentrations  at  which 

ira  titfpotula  ftti  the  degrei^  f4  dilution,  more  CMrboti  dioxide 

volvvd  the  greater  the  ilihition. 

gb,  therefore,  acid  potasBinm  onrbonato  is  parEidlly  decom- 
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the  seerotiiiii  of  sodimii   is  fi^uatly  promoted  iint\  n   necessity  f. 
repEaL-iMneiit.  caused.      In   tbe  esse  of  aiiinml  fraii,   linwever,  ihei 
elcmoiiis   ure   btkcu   up   in  the   proportiona    proper  to    the  «i 
orgJLTiism. 

In  the  cas«  of  tho  vertebniEo  iiiiimn.le,  the  aodiiLRi  coin p(>ii rid R 
chiplly  in  the  Mood  pliisnin  tint)   iii  the  fliiiils  of  tht-  Ifodv.  whilst 
prttiisaiiini,  !is  sib'^iidy  iiieiitioned,  collecl-s  in  tlio  hioiid  corpii^id**. 

From  injucoiio  sululuins  of  sodium  chluride  the  wcU-kiiowii 
crysUils  of  thu  nnhydroiis  suit  sejmpatL'  mil  Mt  temperiitures  alxive   - 
Owing  to  the  uaimlSy  had  formntion   of  these  crystals,   they  cin 
some  aiothiM'  lirjiior,  so  that  when  hoaterl  they  give  oH' noiiiU  niuuui 
of  water.      On   being  heated,    the   enclosed  water  is  eonvertwl  i 
vapDiji-,  the  prr'BBitre  of  which  imrreases  as  the  teiiipenitiiro  risi's 
it   hecumus  sn  gre;ii  tlwt   Lliis  pieces  vi  salt  enclosing  the   liLiuid 
ahiittured,  whorehy  w  tTMnkltny  iioiaa  is  pcodiiced.     Hiivijig  micv  iii 
gotic  this  trejLtiDQnt,  the  &alt  rumaiua  quiet  on  hein;^  again  bcntfd. 

From  oonnentmtefl  solutions  of  Eodiiim  chloride  at  lower  i«ni! 
tares,  ii  hydrated  suit  of  the  formula  NaCl  +  2HuO  eepjiratfe 
TTionoc'linic!   crystals.      These  are   stable  oidy   up  to     -2';  if  h 
above  this  tfm])eniture,  they  melt  and   fonti  a   liquid   from  which 
anhydrous  s:i\i  iiiinitdi;it-ely  sejiamtPs  out  in  the  fonu  of  ini.i|]  c-ul: 

*  Even  at   the  room   tt'nijK'rature,    these    hydmicd    ci'yat«U 
pnxluce*t  as  an  unstable  form,  vf  hen  a  sohitiori  of  common  salt  is 
out  in  a  thin  layer  on  a  glnsa  plato  and  cauaed  to  evaporate  rBpiilU 
blowing  on  it.      Under  theao  cirmirastiuices,  the  separation  of  ohl 
cryatiils  can   he  observed   with  n  low  pi^wcr  •>{  the  micruiicopo ; 
short  tinio  thi;  orilinary  ciibt')!;  of  eoniinoii  salt  appcur  here  and 
and  these  aljfiorb  the  foniicr  crystals. 

Common  salt  is  used  not  only  in  f<H>d,  hut,  W-ing  the  innet 
diatributed  salt   of  sodium,  it   is  used  jis  th«  fltJiriiiig-point  in 
preparation  of  metjiilic  sodium  and  of  all   other  sodium  compoui 
Sonic  of  its  tmusformatioiis  hava  already  been  mentioned  ;  otben 
be  disc-iissiid  pi'useutly. 

Kio,  Sodium  Bromide  Au.i  Sodium  lodidie  are  similar  to  5.K!iii 

chhu-idf,  only  more  soliil^K-  thati  the  latinr.  At  Iowit  tcini)eranin<» 
both  form  hydnited  erystala  with  '21U0  of  LTyatallisation,  iaoninriitiffl* 
with  those  of  the  hydmtod  sotlium  ehloride.  The  teniperalLin.',  hoifr 
over,  at  which  they  melt  und  jiasa  inl^i  the  anhydrous  luvhe  and  iMI 
aaturated  solution  of  these,  ia  higher.  In  tho  kisc  of  si>diuni  hmmidi 
the  convorsinn  tikkes  plaee  at  50",  in  the  eaRO  of  t><'idiiim  iodide  :it  67 

On  invesligating   tho  solubility  of   these   aaUs   in   water,  a: 
change  with  the  terajier.itur'e,  the  relations  are  found  whieh  are 
36Tited  in   Fig.   111.     The  ciuve  marked  NaBr+SH^O  refers  In 
bytiiated  sodium  bromide,  that  marked  NaBr  to  tho  anhydrous 
Similarly  for  the  tivo  forms  of  sotlium  ioditle.     As  can  be  soea, 
of  the  two  forms  haa  its  own  solubility  citne,  which  is  indopunda 
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Mlbfr.  T^f  p»ini  where  die  two  eurvra  cut  ia  the  point  where  the 
forms  CAii  cuextst  aiung  with  ihn  siLtii!;tli?(i  stilutioii.     This  ie  the 

■  tcmpemluru  aI  which  the  hydriLted  uryalala  oumnionCQ  k>  melt. 

Frt>ui  liii*;  it  fi)!lun':<  tliat  fucIi  J'l/rm  <;/"  llif  mil-  Jms  Us  i/ivri  saliihilUtj, 
iLftt  the  two  forms  h.ive  the  same  sohihility  at  the   tempura-tiirc 

which    thpy  oh^iiige  into  one  another.      In  this  respect,  thcrefoi^e, 

t  with  diSVrenI  itmuiuitt;  of  tvatcr  of  crystiillisiitioii  behAvti  IIIcl'  thi^ 

erent  forms  of  allotiTifiic  auljstaiices  (p.  L'62). 

As   tile   (iiiL^raiii  shuivs,   tlio  tsolubility   curves  are  both  producocL 
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rranfl  the  point  ui  intersection.  This  signitiea  that  the  transition 
I  nnt  nrrr^iiiUi  occur  here  any  more  tlitm  in  the  fase  of  the 
tmiition  of  sllotrojiic  forms,  hut  that  on  hoth  sides  ther<.'  may  lie 
tftnaHtntiiiH.  An  exiiiui nation  of  the  diji^'ram  jilso  toiichi-s  tlmt 
fac  k«  lUhlo  form  hiw  ;ihvjiys  :i  greater  soluliihty  than  the  mure 
ttUe,  V)  that  «  aolilUon  saturated  in  respect  of  the  iinstalji'j  form, 
Wmj;  SroTight  into  contiici  with  "  nui^li;!/'  i.e.  alread}-  fomieil 
B7K*ti  iti  the  JtnMe  form,  ■nil!  dop(jait  solid  salt  in  this  form  ;  the 
•sitttioii  IS,  thi'itrfuri?,  sn|iei-«iLiiriti'd  with  respect  to  thia  form. 

U,  fur  ux:ttn|ilu,  1%  saturait^'d  ijoliiti'ju  of  unhyclroiis  siHliuui  broimJu 
"Dodeai  30'.  and  (trystats  of  the  bydriited  salt  aire  introduced  into 
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it,  the  latter  will  ^-ruw  imd  the  reaidiiiil  solutimi  will  i?xhiliit  iJic  »ii 
concentration  wbich  beluii^  to  ttis  form,  On  thw  other  hainl, 
titm  of  the  hydnxted  salt,  saturated  at  30°,  will  he  ftjiiiirl  to  U 
eaturuteil  with  respect  to  the  anhydrous  sail,  i.r.  it  will  be  uLlc 
aoive  certain  (jiiiintities  of  this  salt.  The  presence  of  the  hj"t 
salt  musk,  however,  he  most  ciircfiilly  iivoided,  for  exteseively 
tjiiantitfes  of  this  are  suliicient  to  eniiBC  thie  separation  uf  that 
If,  huwever,  the  iiniiyilroua  salt  is  h(»L(cd  inmitdialeiy  l-efuTt  thm 
jjeiiment,  all  liydniled  salt  ia  destroyed,  uiid  llii?  suit  can  In.-  Jissol* 
without  fear. 

Tlie  above  distussion  holds  unJversidly,  It  shows  that  xct 
fpeak  of  the  sduHHUj  "f  "  s'ill  vi\  •jcnen'll;/,  of  n  m/liii  tnti'ttnnrx, 
whfii'  we  sliite  thr  fiirm  which  in  in  eijnilihriwn  with  the  sc/u/twr. 
general,  every  forwj  has  it«  awn  solulitlity.  iimd  tht  [KJint  at  whicii 
noluhilily  of  the  two  fui-uis  becomes  equal,  is  the  tmnsitiou  pnint  of  I 
iJtie  form  into  the  other. 

Conversely,  every  curve  representing  the  chungo  of  sohdiiiity 
the  tttniperaiiire  is,  for  each   forw,  emtiinnoin,      If  a  breiik  in   the  i 
bility  curve  is  oliserved,  this  ib  a  certain  proof  thitt  the  solui 
mhieh  U  in  e'jtritUiriiJVi  n-ilh  the  soiutUm  Jms  piuised  iiilt>  onc/lier  Jnrm  i 
tf7itpcTid.li  re  uf  Hit-  hrmk. 

461.  Sodium  Bromate. — The  pure  e^lmpo^^TJJ  is  of  no  sf 
ititereat.  Mixed  Mith  sodium  bromide,  in  whicli  cunditioii  the  saltj 
ohtaiiicd  from  bi-omine  and  caustic  8odn.  (GN'aOH4  SBfji^NaBr 
SNaBr  -r  SH^O),  it  eoiistitutes  a  reagent  which  is  used  for  Hljernl 
a  known  '|iiiintity  of  hrominL'  iii  aohition.  On  acidifying  tlis  mil 
the  Siimc  amount  of  bromine  is  set  free  tis  wiua  used  in  ihti  prqK 
tion  of  the  mixture.  The  renetioii  can  Iw  (■xpi'esscd  bv  thi*  tJjiiiiiiq 
IIBrO^  r5HBr=3H.O^:iBrj,  or,  writing  the  ions,  BrO/ t  SBt't 
6H'  =  31IgO  +  3Brj,  The  mixtiu-e  is  ubtaiiied  hy  adding  bromine 
caustic  Boda  until  the  colour  of  the  former  is  perraaiiBnt,  and  ih 
avaporntinf^  th..'  solution ;  tht!  excess  of  hromiii*'  in  hernby  driven  uCl 

4t>2.  Sodium  Chlorate.- — In  ("nuLiudistinctioTi  to  |H)t.na>iu 
chhciatu,  fiudium  chloi'ale  is  a  salt  whicli  is  vary  abnadantly  soliilili? 
water.  At  the  prcsvnt  timu.  thei-eforu,  wh<Mi  thi^  iiu'tlnxl  of  jM-upiimji 
it  on  &  maiiiifat'turin);;  scalo  hiia  become  knovMi,  this  mdt  is  t-ni|>l>t}^'^ 
in  niAny  Ca^i^s  in  which  ehloi'anian  \&  nsed  on  an^eotuil  of  lis  oxidi'i'ig 
action,  and  iilicrt^  a  more  concentrated  solution  is  dosirad  than  caiil* 
alUiireil  with  potHssium  chlorate.  It  is  obt.-uned  in  a  similar  m^mn^' 
to  potassium  chlorate.  It  forms  finely  erystallfet'd  cubes  and  I'llnf 
forms  i>f  the  rc^'id.'ir  sysU'Ui.  and  these  bavi;^  the  pruperty  oi  <• 
the  ])l;xiiB  of  polarised  light  In  a  manner  »imi!ar  Ui  «[uartz.  \\  i. 
however,  the  latter  pxhibits  this  pheiioruonoii  in  u  Cfgidju-  niarncf 
only  when  the  tight  piiaaea  through  ihe  ciystjil  parallel  to  the  chirf 
lUEia,  sodium  chlorate  roUUee  the  plane  of  polarii^ed  light  by  t<H>^ 
«ri)ount«,  «■>  niatl^ir  what  the  direction  of  the  niy  in  the  ciptal  * 


"cons«<iiiQnc(-  of  tlio  fiict  tlifit  tliese  i-rystaU  belong  to  the 
stem,  «-hil«  those  of  (jnartz  are  hexagonal. 

Bodium  NitratC^This  ealt,  which  crystalli^t-a  nnhydroiis 
pa  rbtiui)x>Ii«dnL,  melting  at  320",  is,  at  the  prt^aent  riay,  the 
tQportant  of  ibe  TOnipoiimU  of  iiJtri<^  acil-     It  is  found  in  large 

Ri  ii>  C'bJlJ.  Siitce  no  nun  f.^Hb  in  tlio^e  dktricls,  it  h^s  Iieeii 
lor  litis  salt  to  bt  preserved.  How  it  hm  been  formed 
It,  iiot  be  sutcd  «ilh  ccrUiitity  ov  proljaliility ;  the  Lonstnrit 
in  it  of  iodine  wtnpomids  in  the  fonn  of  sodium  iixlate, 
in  favour  of  it^s  FuniiiLtion  froiu  the  salts  of  t4ea-w»ter.  It  is, 
w,  still  »  mystery  what  conditions  existeil  to  produce  sucli  a 
fully  oxidising  effect  tliat,  alon^  with  the  nitrate,  the  iodine 
I  hjiv«  pa%4t<d  into  Hiti  \<:t\Rie,  ulIkI  nvi^n  »  portion  of  thv^  t^hlorine 
■rclilorHte  (which  is  also  found  in  Chili  aa-ltpetrn  under  ciprtain 
Mtancce  to  the  txt-ent  of  several  per  eerit).  \Vt?  maVi  Jfrhiips, 
w  thnr  at  the  time  of  the  formation  of  this  sidt  some  cauae  wns 
by  whtfli  imiisuHlly  largfi  umounts  of  ozone  were  produced ;  the 
1  ol  this  would  render  the  fornutlion  of  these  highly  oxidistil 
loree  fruin  any  soiliuni  comptmnds  present,  inlelli^hie. 
be  crude  oodinm  nilmte  95  mixed  ^vith  e.irth  imd  dny,  and  ie 
Bd  by  a  flimple  proeess  of  eryslnllisation.  The  purifienlion  can 
dly  and  succcfiafiilly  carried  out  by  this  method,  since  the  solu- 
tbii  salt  changes  very  greatlv  with  the  tompoiaturp,  as  cun 
am  ihc  following  taljlc  :— 
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ladtimi  nitrnte  is  ii9«<l  m  lur^e  quantities  for  mimuriug  purposes; 
tou  lb*  most  importjint  artificijil  nitrof-^^n   manure  for  ciiIlivatBd 

Mul  iu  ajipli<:ation  ]»  limited  only  by  the  jiricc.  The  nitrogen 
Bflily  avuiiittilv  (or  ihv  plnnt  m  the  form  of  nitranion,  and 
arp  hax.  thiTfiforp,  the  (jidekest  wction.  Sinte,  hoivever,  tho 
jfaw  not  ret^iiii  thie  Bn>>stAnc*>,  ha  it  does  [Ktt.'Lsh.  phoi^phui-ic  neirl, 
l^kiiin.  lii*:  mimuniij^  with  Chili  s;i!tptjtre  must  lie  carried  vut 
Hwly  bednre  tht'  lim«  whon  the  plnnl  reijiiires  the  nitrogen. 
Bodiani  nitnitc  is  furthpr  used  in  large  ipiautiiies  for  the  prepani- 
i>  add  (p.  321)  iind  for  eonversinn  into  potasFiutn  iiitnite 
It  is  idsn  used  in  ihi-  prepfuatton  of  nitro-enmpijunda;  f'lr 
lie  nitric  «cid  is  not  Hret  preparcii  from  the  salt,  bnt  a 
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mixture  of  ^itidiLim  iiiti'iito  mid  siilphiivic  ficid,  which  on  liistil 
would  give  nitric  acid,  is  directly  eniployed.  I-iistly,  a  ffnaiifr 
portiuii  of  the  salt  is  converted  into  swiiinii  nicritc,  ivliifli  ie  ciiiplfl 
in  uniinnous  ijuantities  in  the  preparation  of  artificial  dyes. 

Sotliiini  iiili-ato  cannot  he  used  in  place  of  paUi.&giimi   iiitnuj 
the    pr'opaiTitiuii    of   gUii]K)wdei'    and    blasting    poW4lcr.    becau«c 
powders  made  fnim  it  become  innist. 

Since  the  Chili  aallpotrii  ili![)osit3  are  approuchirig  exhaustion 
Borao  decades),  iLg  |)roduct.ion  of  nitrates  or  of  frou  nitrii.'  acid 
other  wjiirtus  is  hcgpiniin;^  to  he  a  matter  of  iniportanct. 

4fii,   Sodium  Nitrite. — ^At  the   praacut  day.  Midiuni    nitrit 
mnnufactti ri'd   and    iihi«.'d   in   large   quantititii?    in    place   uf    (H>t 
nitrite,  from  whicli   it  diliers  in   the  case  with   which   it  can  Iw 
part^l  purn,      It  is  a  very  soluble  salt  with  a  fctiMy  alkaline   react 
when  ti'cated  with  Jicids,  it  evoU'os  red  fiuiies  of  tlic  oxides  of  iiil 
gen.  (p.  :*;iL'),      It  is  i>lvt(oiicd,  similarly  l-o  potassiiltn  liitrito  (p,  4] 
by  hiJiitiiif;  sodium  nicnite  with  metallic  lead. 

i^').  Sodium  Sulphate. — The  normal  sodium  sulpbatt,  KtuS 
is  well   known   in   the  fonn  of  hydratcd   crystals  of  thi;  cnniimait 
NsySO,,   IOI-I5O,  liy  tlie  name  of  Oh'iho'^  mil.     It  iwcivod  iu  lu 
from  (.Ikiuher  (horn  alioiit  iIju  year  1640),   a  physician  and  clicn 
who  introduced  it  as  a  dvtig ;,  ha  ascribed   to  it  gi'eal   hfaling  [w« 
and  gave  it   the   iwimo   "sal   nn'rahile."      Its   action   on   the   ht 
organism  condsts  essentially  in  th«  fact,  that  when  it  get^  into 
iiitestiiiL'^s,  it  makes  their  contents  more  wat*ry  and  iheruby  fadlit 
the  evacuation, 

*  This  action  arises  from  the  fact  that  the  Avails  of  the  inte 
offer  oonwderable  hiiidrancL'  in"  the  diffusion  of  Claulii-r's  salt. 
t^wtUxidioii  'if  nmrcn/ntlioiLs,    the  tendency  towai^ds  which   is  e« 
under   all    circumstaneeK,    caunot,  in   this   case,  l>e    accumplishwll 
the  dissolved   mihstrtnt)!   mixiti;^   with   the   Itody    tiiiida.   taiu   on 
njtitniiy,  wattT  must  pass  fnun  the  latter  inlo  the  int<istinn. 

•  From  this  it  foUowrs  llial  all  other  Halts  whieh   have   the 
property  of  not  passing  through  the  intestinal  walls,  anil  whieh  d«l 
exert  any  other  actions  on  the  (ii*ganisni,  niuet  also  l»ehavc  in  the ' 
way.     This  is,  indeed,   the  case  ;  mrgne.Bimn  stdphate  (Ejtsom 
acts  in  exnctly  the  same  way  as  tllauber'a  salt. 

The  BoIiibUity  relations  of  sodium  sulphate  are  i-athor  compile 
■and  arc  represented  in  Fig.    1 12.     Three   different  solubility  vur 
can  he  distingnished,  helonging  to  threw  ditl'erent  fonus  mf  the 
Of  these   forme,  one,  stable  at  higher  temperatures,  is  anhykoiisTj 
medium  tetnperatnres,  ordinary  Glauber's  sidt  with  lOH^fl  of  erysU 
Bation,  ie  stiihle  ;  be&idce  the»e,  nn  un.'<tahlo  s;ilt  can  he  otitaiDcJ 
lower  temperatures  eontaining  "H^O  of  cryaUiUisntiuTi. 

On  fullowiiug  the  curves  la  Fig.  1  \'2   from   n^ht  to  loft,  we 
in  the  first  place,  the  curve  of  the  anhydrous  salt,  marked  «,  whift. ' 
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until  ilie  Whaviour  of  mnsl  s^lts,  aaceiids  as  it  piisses  in   the 
on  of  lower  Wiupomtm'es.      The  fact  tbnt  the  sokibiUty  of  tlie 
t/umi-itJi^i  tnih  risiny  Uinpcralure,  ie  connected  with  the  other  fact 
th«  mIi  tlissnlve»  in 
|aliiu»t  siituiFtlciS  S0I11-    '^ 
wilii      rrrjuliiiii     i)f 
or,    nWii'pLiuii    iif 
I  occurs  when  it  nupa- 
out  from  n  super- 
Rtcd     soliilinn     (p. 

Tho     curve    of    the 

1  rolls    silt    Lvin    tie 

iwi    ilowiiwnrds.   tn 

20'.      Fioni    32'  

liwsrds,  bow-evur,  the  c 

,  Fia.  11-3. 

how   atv  mpfi-fiihir- 

with    nesjieirt   of  the  onliniiiy  Gliiiiljer's  sa^Il   with   lOH^O,   Hfid 

'Can  LhiTL'fore  be  olit/iitiftf]  o^^\y  wlion  thf;  preeein.-e  of  i\m  Iiiltor 

:ii  Blrictly  avuided.     This  requires  some  citre  ;  for,  aa  we  ithall  see 

Jy,  the  sail  is  everywhere  present  in  dwst. 

At  32°,  tho  curve  of  the  aiiUj'drous  salt  is  cut  by  the  solubility 

oi  Oh\t}f^'$  fitjl   (inarlred   with    10);    at   thia   poiiil,   therefore, 

laKJtA  c«ii  Bxisl  .-ilnii^  M'ith   the  solution,  since  ai  tJiia  jwint  the 

%\aA  9o|iiti'>n3  conCjiin  tho  aaTaa  uTuount  of  ^a\t.      This  stutc  is 

easily  olrtairied   by  hoatin^;  Uhitilier's  salt  to  Z'2\     It  appears 

.  to  undergo  fusion,     AVe  ure  ht'ry  dealing,  however,  with  .\  mwre 

licBlerl  pi-oL'vsK,  fur  the  liquid  doets  not  hai'i;  the  same  cumiHjsition 

Mild  GUuber'e  snEt,  but  contains  more  -w&ttr.     This  ia  due  to 

IIk* that  irnyt^toiM  Bnit  separates  nut  iit  the  sume  time;  for  this 

,  tl)«  mil  does  no-t  [iilss  inin  n  cli^ar  liipiid,  no  uiitter  hon*  long 

a  IttMiol,   but  forms,  after  llic  Glaubers  salt  hBS  disappuLred,   a 

pMl*  iif  .inhydrous  salt  and  saturj-teii  aoliition. 

TKifl  tmiisitioii   tfm[>uraUue   of   GIaul)i»r's    salt   is.   when   «  jmre 

en  in  tMii|iloycK),  exceedingU'  constant,  so  that  it  can  be  used, 

tfac  molting   point   of  ice,   for   reaLlily   obuiinin^;  an    unvnryiug 

iiture.     The  temperature  is  32383'  on  the  international  hydro- 

ItktmonieUrr  s«ih', 

"Xkiv  wilubilily  tnrvc  of  flliiuber's  s;ilt  w'lth  1 0H,O,  cjiii  Iwj  follow&d 

nitAnirt  to  somL'whiit  below  0^.      The   rtntiibiU'ty   of   the   salt  di- 

biniiWi  very  rapidly  as  the  tumpvratiiro  falls.  f,o  that  at  0'  the  li^iilid 

•wuins  nniy  00.1  of  Mxliuia  mdphate  (cik-uEated  as  anhydrous  salt). 

So  in  sfi   we  havo  yel   nmsidftre"!  the  rektioiis,   wc  are  deating 

''itfi  twi.  iii>{>i[K'jident  fobiliilily  ciiivea,  of  which   the  one  lielongs   to 

llf  Kibydr'ii,i-«  wilt,  the  other  to  rhe  stilt  with  IOH„0.     The  present 

<^>*«iietiiijpit«l)e(l  from  that  of  &wUuni  brotuJde  and  sodium  iodide 
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only  liy  the  fact  that  otic  of  the  curves  shapes  Howtiwanls,  whi 
the  ease  of  the  hitter  snlti,  botb  turves  slofie  iipwnitls. 

It  has  to  be  speciMly  not«d  that  the  break  in  the  aoluhility 
at  32""'  is  due  solely  to  the  fact  that   the  Miliii  phivie  In   the  wi 
equililirium   changes  &i   this  Mmper-iture.      It  was  formerly  lh« 
th»t  i^ometliing  s{)ed)tl  Uxik  phivf  in  the  sohuion  nt  this  tcinpenil 
8Ufh  as,  SHV,  that  h«low  32"  tha  sjilt  wjia  dissolved  in  ji  hydni-twi  f<| 
above  that  temperaltii-e,  in  itn  iiiihyilnjiis  fonn  :  «veti  mtw,  eiicl 
founded  viuws  are  eometimea   mot  with.      However,  on  inAL'Htij 
the  propertieH  of  the  mhition  at  its  paesagQ  thrniigh  this  ]K>int, 
of  break  was  found,   and   so   far  as   the  aolutiftri   is  onncemEyl, 
tempemture    is    in    no   way   distinguished   frnm   other   tei»|jenit 
The  only  thing  that  changes  at  this  tempcrjitiiru  ia  the  nnture  nf ' 
siitid  aalt,  and  this  Ja  the  iUl-suHicient  rensoii  for  the  occuiTcnri,'  ui  ■ 
nevr  iiohi'hiHty  curva. 

The  pheiiomenfi,  now,   become  somewhat  more  compliaitoil 
the  fjLtt  that  solutions  ean  be  fairly  easily  prepared   whieh  are 
siderably  siiporsa  hi  ratted  with  leapfct  to  the  salt  with  lOHJ).     Imi 
tlie  phenomenon  of  supei-witunilion  hiis  in  no  ntse  been   sitijiwi 
fully  than  in  the  case  of  Glauhcr'a  salt. 

Such  sni>er3iLtiirated  solutions  are  obtained  by  beating  Oliul 
aalt  with  half  ita  weijjht  of  water  until  all  soliil  iMiilieK"^  have 
appeared,  closing  the  vessel  ami  allowing  it  to  <'ool  down.  The 
does  not  require  to  be  rrtr-tight  but  only  i/uisZ-tiyht :  a  plug  of 
wool,  fur  example,  is  therefore  siiffifient.  If  this  is  removetl, 
solution  has  cooled  down,  crystaUisution,  as  a  rnle,  ciimincnces  at 
This  is  dno  to  the  fact  that  Rlanlwr's  salt  is  extremely  wirlcly 
tribiited  in  the  dust  of  towiiis,  being  formed  from  thu  couipoumit  nf 
sodium  everywhere  present  (p.  479),  and  thi;  Htil|jliiirons  aeid  which  ii 
produced  in  the  combufltJon  of  coal,  and  ie  denve4  from  the  sal|ibiir 
therein  eonUiined.  If  th«  experiment  is  carried  out  in  the  ixMtitrytat 
from  6iicli  sourtefi  of  (hist,  eontaininj;  Olauber'a  salt,  the  cryatallimifn 
can  also  bti  exchidei].  Since  it  was  fi>r  long  not  lielieved  thai  tliiswM 
the  cause  of  the  "  spontaneous  "  erj'stiilli«vtion  of  IJlaiilmir'!!  salt,  tin 
cryatalliaation  of  the  supersaturated  solution  appeared  a^.  someth 
peculiar  and  mj'stcrioUs.  By  working  with  other  etibstances,  howa 
which  do  not,  or  oidy  rarely,  occur  in  thB  dnat,  one  can  connnw 
Bfllf  that  in  genera!  siipersiituralcd  eolutions  poesoss  a  great  atabil 
and  that  it  is  only  towards  tiuelsi  of  their  own  solid  anbstnitce  tliat 
are  unstable. 

•  Till'  aniouijt^s  "if  solid  siiljstanee  ivhitli  jjive  nsc  to  tryatnlliaatl 
are  small  but  not  inmi«iisnra1>ly  i;o.  The  limit  liea  about  one  mililio 
of  n  mitligrani. 

On   coolirij^  down   a  suporaaturatod  solution   of  Olanliere  salt 
about  C',  other  crysuils  make  ilicir  aitpearanpe,  whiuh   hjive  the 
[H»ition  Nh„SO^,  7H„0,  and  whose  aolnbility  cime  ia  also 
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|12.      TlirouyhdUt  its  whole  cuiirsy,  tlik  nirve    liea  abuvu  the 

t.t>f  ibe  «*U  with  luHjU,  il■^■•m  which  it  follows  tlvtt  thi^  sihlntions 

tfti  with  tlie  salt  7.  urc  alwjiys  Htijiei-swtiiratfiii  witli   res[MM;I    lo 

.K  III-      If,  thcrt-'fore,  stime  of  the  H-jlt  !0   is  intivKiuteii  into  M 

cum[K)a«<d  iif  salt  7  ulun.t,'  >vith  soliitioii,  tlie  solutioit  niU,  in 

first  pliu^e,  ilcfwait  salt  uiitj]  the  point  <>f  aiiturntion  with  respect  of 

b  iTiichnl.  I r,  the  concentmtion  of  the  aohition   will   n-acli  tluit 

•on  the  ciirvt;  10  which  lies.  Iiclow  the  former  iwiiiu  oil  cnrve  7, 

solution,   however,   is  iiiiSiitiiriitcH   with   rospi'i'l  to  7  ;  eoiise* 

lUy.  ihh  salt  must  dissolve.     The  solution  ihoreliy  «g»iti  liefomea 

umtttl  with  respect  Lu  10,  nnJ  thia  tuepumtes  out      This  cvi- 

gow  on  tmtil,   ^riallv,  all  the   suit  7  hits   disnppeiued   iind   is 

larpil1.y   10. 

It  mav  Iw  fiskeil,  Why  does  the  unstsible  salt  7  ae[»arate  out  fimtiit 
■inc"-.  of  nmr-sc,  thi"  Boliitioii  coiiM  givi-  the  stahlf  salt  10  directly  1 
1*  •nnwi'p  is  ijj  he  found  in  the  imiviTsiil  rule  that  the'  /'■s.i  stahU 
niiijint  '\pffiir  (ji.  210). 

Fittally,  if  the  solnlion  be  cooled  down  lo  nijout  -  15",  Gtiiulier'a 
h  ^[iarat<ee  nut  sp^mta-neously  fi-om  it  and  supersutunttioii  ccaacs, 
it  ihia  t(Ki  wilhniit  «  rmcleiis  of  the  edUiI  a^dt  heiii;"  neeeHsary.  The 
pijn  in  which  the  tri'purLttioii  doca  nut  oL-ciir  wilhoiiil  iiucli  a  micleusi, 
he  dit*tiiiguished  as  the  iwltnl'iFilr  rfjinii,  from  that  region,  the 
JU<  fet/tim,  ill  which  Ku'itavutiun  tiiki-s  place  without  a  niielt'iis. 
imy  casp  of  Biipersatuniticin  leads,  in  the  tirst  plaee,  into  the  nieta- 
lUe  n^ou,  uid  from  this  then  into  the  un&tuhle.  The  limit.s  of  the 
I  regions  ar<*,  however,  dithenit  to  fix,  since  the  prettenee  of  clusE 
a.  ^reat  iiifluecice  on  the  spontiinODiis  fonnation  of  solid  forms  ftom 
wt&hle  li'juids. 

TK.-  crvBtaU  of  ("iiAuber's  ftill  ^ffi'/Ti^^ce  in  the  air,  U.  thoy  loae 
Vja  anil  twcome  cunverted  into  a  fine  white  powder  of  anhvdmus 
JL  Tbf  cause  of  this  ie  that  the  lapyur  pressure  of  Glauboi's  salt 
■.ini«*  i*s»ctly,  of  A  mixture  of  Glnuhor's  salt  and  anhydrous  salt)  is 
fwter  tiinu  the  mean  vapour  preasure  of  the  water  in  th*  sirfp,  Vl%), 
Owl  the  salt  must  lose  wiiter  and  pass  into  ntihydivins  salt. 
*  On  the  liiiais  of  this  remarlt,  the  objection  may  bo  made  to 
ibt  upljinaiioti  of  the  iTvaU-illisalion  of  siipersiLtn rated  suhitions  nf 
Gliaticr's  Suit  by  dum,  that  according  to  the  alKive  statement  there 
(U  be  nn  Gluuber's  Bull  preeenl  in  the  dust,  but  only  rjflorescal 
CihiiWr's  ?.ilt,  i.!-.  inth^'imttA  salt.  This  is  so;  iieverthele-as,  expei-i- 
Bwiii  sVura  thai  even  elllnreact^d  Olauher's  salt  am  alsn  efl'oct  iha 
'»T«UlliftUioii  of  thij  snpiTs;itiU'iited  soluiioris,  and  lotti's  this  profwtly 
"dU  wlien  it  hiu  l«een  lit-ated.  In  the  uiHoix'sced  salt  nl  the  nrdiiitiry 
iMpcrature,  iht'n,  Lhore  are  iLpp;i roiitly  suffieiont  tnieea  of  unehang'fHl 
WWlwr'g  suit  ](i-esent  to  bring  nhnut  ri  yatallisjition.  Or,  there  is 
podnttil  on  efflarciicence,  a  form  of  the  Anh  wbieh  in  coiitaut  with 
tie  roluiion  immediately  givett  (ShndK-r'a  .'^uitt,  n  l»eha\iour  which  thu 
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aiihydi\)iis   aalt  certiiinly   dofift  not   &liOw,   after   it    liiia    ln.!tii   h 
Wliich  i>f  i-heBi;  two  iKtsstljilitics  I'OiTL'spiJiiila  to  tlie  timli,  lias 
b«t'ii  (letunuiiieil, 

IiLliict  LTvstiiis  o£  Gliiuher's  salt  can  be  kept  in   dry  air  wii 
efflorescing ;  if,  liowiavfi',  i;ffi<trfsi,ietic^  \ns  once  btgiui  iit  any  [>i>in|| 
sfji'f-ails  out  {mm  thfit,  point,  diid  this  it  dww  in  ;iwwn.lai]c.'e  with  i 
which  ja  detorniiuud   hy  the  cryBtilh'nt'  forai  fii  the   cfllure»ciiig 
(p.  264).     We  hnv(.i  hen?  a^jain  a  plitiiifuneiioti  of  the  niituro  of 
safuratitm,  which  riiii  he  I'miiDV^d  only  by  rhi.'  prt'stnce  uf  a  fui 
phase.     Apjjlyiiiij  ihc  plmso  iiiw  to  lliis  ciisli,  wo  nlit^in  ibe  folltuvirji: 
Since  the  given   RystpTii   consists  of  /wn  oompont-nts,  etKliiini  aul 
an-ft   water,   the   sum   of  pluLses   and   (b-yrecs   of   freeiloin    is  i. 
hydnited  ault  tuid  wattr  \'ap<jiir  ni'L-  given  as  two   phasi**,  tlif  i; 
has  still  tujii  ilogrccs  of  fri:edmn,  ie.  at  ii  given  temiH_>r;itur(>,  rvorj 
of  the  vupmir  pressnre  (wilhin  /.'ertnin  limit«)  I'tiu  exist.      If,  ho«e' 
another  phiise  la  added,  only  one  de;-'M'e  l^f   frct'dom  remains,  if. 
every  it'inperaluro  ihore  lieb^iiga  !i  di'ftnitij  ]»rL'saiU'e.     Sik'Ii  n  bvsIi 
therefore,  behaves  as  a  jmre  liquid,  for  it  has  a  iletiiiite  vaptMir  pre 
which  is  iridependeul  I'f  the  amounts  of  the  phaaes,  (.c,  indepcndci 
the  re-lative  quantities  nf   (.ilaiibfr'a  salt,  aiihydrotia  salt,  nml 
vapour.     ObBBi'vation  shoivs   that  such  a   law  does  indeed  hold, 
this  pressure  is  eBtabliehed  muru  slowly  thiui  in  the  oiso  of  a  lii)tii<i, 

SincB  h'dh  solid  pli.'iyea  aru  r«<iuireii  for  the  deiinition  of  ilie  tV' 
jiisb  eorjBideretl,  it  follows  tluu  one  uannot  speak  simply  of  i,hc  va 
pressure  of  a  hydiiite  :  on  the  contrary,  it  miiat  be  stat«'l  what 
solid  (or  liipiid)  substance  is  also  in  equilibrium  with  Um  va] 
Many  ealte  fomi  sevora!  hydrates ;  every  combination,  there 
two  hydrates  (or  of  a  hydrate  and  the  iLnhydride)  must  have  iu 
vjiponr  pressure.     This  also  has  been  confinned  by  cx.])erinn'!it. 

Eeaifles  bein^  used  for  niedidriiLl  purposes,  sodinm  auiplial«  is 
etiipSoyed  as  BUeh  in  the  iiLiLiiufiieture  of  glass  and  in  some  nlhm 
industries.  It  occurs  as  a  by-product,  and  i\s  an  interuiediAto  pni'liict 
in  nnich  larger  qnanlities.  As  a  by-product,  it  is  obtained  m  tin 
prejia-ration  of  hydrochloric  acid  from  common  salt,  and  nf  nilrii'  *c<^ 
from  sodium  nitrate.  The  greater  pjiri  of  the  salt  ie  converted  iiilu 
fiodium  t;u-l>otiat-e  or  soda.  The  melhoda  by  which  this  i«  jwconipIiihiJ 
will  be  discussed  immi'diati-ly. 

Sodiiun  sijjphjiti!  also  oecnip  in  nature.  Asa  mineral,  it  isttilM 
theiuirdilt.  It  is  m  v«ry  frequent  c()nstituent  of  the  natuml  witu-rt, 
waters  which  contain  large  qunntities  of  this  suit  in  solution,  such  u 
the  Carlsliad  waters,  are  used  as  mineral  wal«*rs  for  the  removal  «f 
diaturbances  nf  the  niitrilioji. 

4fi(j.  Acid  Sodium  Sulphate.— Tlie  salt  NallSO,  is  prt-pLnn^w 

tho  same  niaTiuer  ;in  th--  i' cirri's  ponding  pntiissiimi  salt,  is  usod  iyrtlw 
eame  pnrjtoses,  and  e.\hibits  the  siune  chemieal  relations. 

■467.  Sodium  Sulphite. — Thp    nnmial    salt  of  the  cctmivwit'"' 


"  TlljO,  (itcurs  ill  cijinmerce  in  lafge  crystals  ;  it  is  c.LirH_y  used 
ttitiigi'itphy  for  »(kliii{^  u>  i,]ie  "deuL'lnpei's"  u>  (iri'serve  these 
Ht  tbe  uzygeii  of  tlie  lur.  THf!  d^velm^iL^rii  ;ire  uEkitliiie  siilitliiins 
^oiiK  (irgjiiiii?  t-umpouruls,  tho  purpose  of  whicli  ia  to  rtdiico  the 
^  cuni|H)miUs  of  the  exjiuacd  pliotogi'iiphit:  plnti?  Ui  Ri€tallic  silver. 
Um  KulphiU),  it  is  tmu,  snarceFy  [lossessi's  ihu  power  t<>  ullBtt  iliie 
pdou.  tut  it  prevents  to  a  certiiiii  degree  tUe  oxidation  of  the 
IcipT  in  ihn  air,  and  no  koepi^  this  Tor  »  longer  tiiite  un&(jlDur>Qd  and 

rHe  sail  dissolves  rL-jidily  in  water.  On  Iwrnj;  heali-J,  it  litLoni' 
t,  similorlr  Ui  sodium  ^ntiili.ate,  into  nnLydroug  aiill,  and  '•>•  ^iiUii'ati'd 
poD ;  its  Aoliiliility  exiiihiu  corresponding  iihanges, 

lit-n  ^-spowd  l'>  ifii*  air,  tlie  oryst^ils  soon  Liteume  covered  with  a 
hij^  uf  jfowdi^rv  sudiiiui  sidphute,  wliicli  is  formed  by  the  uxidutloii 
iL      It  cun  be  seen,  tlii?r«foi'e,  from  the  (tppoAmncc  of  the  salt, 
;iL  is  still  fit  to  be  usctI  i.r  riot. 

iiiiu  sulphite,  Is'u.USO.„  >s  'iIm)  kno^vn.     It  is  <!<'lit|ii«sct'iit, 
ill   the  air  slil!   mtire   leadily  than  lIic  iiormul  sidl.     Ita 
^^ntmUnl  ^utkio  is  iisod  in  \.\\e  nrta. 

4fiH.  Sodium  Sulphide.— With  regard  to  the  heliav-iour  of  tho 
|D«^  ^Mulioiii  iif  Sodium  i^nlphlde.  Nii„S,  imdof  .^udiiiiii  liydrosulphido. 
Is.  till"  n.'inlcr  inwy  be  refuiTfd  tu  w\\iit  wa.^  stJitcd  in  the  CHsa  of 
iMiuni  BuJpliidf!  (p.  -HiC).  With  ronanl,  liowever,  to  the  -Wjrf  unf-fs, 
»y  be  mentioned  th«t  from  solutions  of  sndiiini  sulpiiide.  well 
ciyatAlfi  Vwionging  t^)  tho  quadratic  Byetem,  ami  contiiiiiing 
I  of  crjrstalli^tiuti,  can  be  obtaiui^d.  Anhydrous  sodium  sulphide 
ined  ofi  D  flot;h-coloU]'Bd  mnas  liy  tlie  r&diiction  of  sudtum ' 
wiih  (■liiiu;oal. 

Tmpiire  mixtoreK  of  vtirioiiy  [Hklysulpliides  of  Hudinra,  .ninny  with 
tuni  BulphittLi  or  sodiunj  thioKulphatt.-  (iiCL-onlitig  to  the  tempunitura 
[rioypi]),  whic.l)  aro  prt'jw]in.id  under  the  name  n['  Uttr  •>/  milfikur  by 
np  together  scdo.  and  sulphur,  are  iiaed  in  rifidicitie  and  in  various 
jbstrivs. 
Kl'J.  Bodium  Thlosulphate  is  the  be^t  linown  ^alt  of  thio- 
Btauioii  (p.  l.".*""!.  it  is  ulitiuned  by  waruiiri'.' solutions  of  nnrniiU 
^bvdpliitif  with  sulphur;  the  little]-  ii^  dissolved,  ^kud  the  itolnticm 
HBouiina  ibe  sair,  Na.,S,0^  tho  eumposition  of  wliu'li  difl'Drs  from 
M  ufthe  Bulphite  only  by  one  comliiniiig  iveight  of  sitl]ihnr.  From 
i  iolutioii  it  i.s  obutincd  by  u\'uponition  in  tbc  form  ol  hirge,  trans- 
wnt  cry.'taU  of  the  monw;linic  system  contfiining  5H„U  of  crjatal- 

kUOD. 

Id  thi^  manufitctures.  sodium  Uiiusulphuie  is  prepurwl  from  the 
iditm  Nulidiidc!  uf  tlio  "  sodit-Wiiste  '  <]>.  4  91));  by  uxidatitui  in  tlir  air. 
ii  m  couvirriwl  ijitv  c«lciiim  thio9ulph«tc,  which  is  tlicu  transformed 

•  theaodium  salt  by  meiitis  of  sodium  sulphate. 

anit  ie  used   lu   large  rjiiantides.     To  a  certain  extent  it  it 
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usod  in  photOj;;mpl»y  for  "fixing."    It  has  the  property  of  di 
difticiiltly  siiluUle  satis  of  silver,  and  pii-tiiivs  whitli  have  Iwi^n  pr 
ivom  those  are  titatctl  ""-itli  this  gait  in  onler  to  roruuve  the  utich* 
silver  salt,   and  to  ^^?n^leI■  the   [iictm'i."-a  unchangeahle   iiv   light, 
theory  of  these  ]>roci;sae9  mH-U  be  gii-eii  muler  aih*ei'. 

Further,  thio^iilphate  is  used  in  larj^Q  f|i]tiiitiLiea  as  an  "ant 
far  the  purpose  of  remorini;  the  liisl  traces  of  freo  chloritu*  fr 
fibres  of  raateria.1  which  has  Iwen  bleaclied  by  ils  mettiis.      Freechl 
is  convtsrCed  hy  this  aii,ll  intfi   ehloridion,  which  is  hnrmlffs-'i ;  %.l\ 
sdiue  time,  siilpliuric  acid  is  formed.     The  reaction   can   bo  wriS 
Na.,S.O,  f  4t_'l.,  ^  r>H,0  =  aNaCI  -h  2H3SO,  +  6HCI,  or  S,();'  ^  i( 
511,0  =  2SO/-8Ci'^]0H. 

Bromina  atts  aimilarly  to  chlorine.     lodirio,  on   the  olhor 
converts  t.he  thioaulphate  only  into  tetrathiouatc.     Sintn  the 
hiis  aln?a<Iy  been  discussed  on  a  furnier  accasion  (pp.  'JWO  atid  300| 
shall  only  repeat   the  eqiuitiun  h^re  :   2Nft^f5jOn  +  I^  =  Nft„S,0,, 
or,  wiiting  the  ions,  iS.,0.,"  +  I„  =  N^O^"  -  21'. 

Sodium  Chioeulphiite  ia  used,  therefore,  in  vohimctnc  iiiialyia^ 
the  determination  of  free  iodiae.  For  this  piirpoee;,  it  possooc* 
very  imporhint  advantage  that  its  aolutians  keep  perfectly  in  th^ 
aiitl  lire  not  oxidiRed.  In  this  respect  it  is  f^'eatly  snperior  to 
aulpliite,  which  was  fiu'murly  used  fitr  the  sJime  purpose.  Caro, 
must  lie  tikken  that  tlif  salution  of  thtosidpliata  does  nut  beeome 
in  very  dilute  suliitionB,  even  the  carbnnic  aeid  of  the  iiJr  elTecta] 
decomposition  described  on  p.  29S,  with  depositioH  of  j^ulphur. 
the  iodine  roactioii  ie  very  Benattive,  it  ia  just  here  thiit  one  prafe 
uaas  dilute  eolntions;  these  must,  therefore,  be  proparod  shortly 
being  used.  This  ia  be&t  done  by  diluting  a  measmed  amonnl 
concentrated  stock  Bolution  (f.f/.  a  normal  solution)  wliiciv  renuiins' 
chnn^^  for  u  long  time.  Such  a  normal  aolution  t:i>ntiiiu«,  in  ntvont; 
ante  with  the  above  reaction  eqiiatioii,  one  mole  op  248'34  gm,  of  ll| 
crysUlliaed  salt  N.'tjS^O.,  +  5HjO  in  a  litre.  \ 

If  a  solution  of  sixlium  thiosulphutc  is  added  to  a  eolutinii  t^nnlaiHi 
rn^  iodine,  M'hich   may  be   neutral  or  acid,  h  cotTtispondinji  iiin'  * 

Llio  Tree  iodine  dii^appear's ;   the  foniplete  disappearance  rjiii  b.. 
reoogniisGd  by  Etdding  &ome  dissolved  atAruh  and  tilruting  till  thi;  I>b4 
colour  of  the  starch  iodich.'  dlRiLppoars.  | 

This  volumetric  motliod  U  not  limited  to  the  dvtumiinittifm  u(  hit 
iodine,  but  aiii,  evidently,  bu  wp])lied  to  all  substances  which  eilbfli 
form  iodidioTi  from  iodine  or,  conversely,  convert  iodidion  into  Irw 
iodine.  To  the  hitter  br.lony  most  of  the  oxidising  agents  ;  u>  thi 
former,  many  reducing  ajjeiits.  Thus,  free  chlorine  or  bromine  a»wtS 
aa  chloric  acid,  hyjiochloroiis  acid,  iodic  acid,  etc.,  can  lie  litniled.  hi 
adding  to  them  a»  exceas  of  potasfliuni  iiwlide  and  delcrouning  tiw 
amount  of  iodine  lil:tLTatcd  by  means  of  thiosulphsle.  An  nn  exnmph 
we  shall   describe   the  determination    'if    jiotiiHsiuni  iodnte.      In 
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this  re8f<3  with   potassium  iodide  aeoordmg  to  the  equation 

J  -  ftKi  ■*■  6UC1  =  BICCl  -  3I5  ■+  5Hjy,  or.  written    in   ionic  form, 

'  -  5l '  +  GH'  =  3H.,0  -  3I._     For  everv  molo  of  iodaiiion,  six  coiii- 

•sti^hta  of  free  iodiiiie  nre  farmed,  and,  therefore,  ^'iS  niok&  t>f 

thiosiilpi)nt«  are  used. 

Airfveur^  eu]>sUnc&s  can  lie  determined  hy  bringing  ihom  together 

I  a  RieRmred.  excels  of  free  iodine  (iHsaolvud  in  poliissiuoi  iiKltde), 

I  titrnting  the  amount  of  iodine  remaining  after  the  reaction,  with 

alptmie. 

For  some  reiiction&  it  is  of  iniportatice  to  notice  thstl  in  the  inter- 
of  iodine  and  thfosulpbitt^,  the  allcali  titre  of  the  solution  does 
.change.  In  other  words,  hydrion  Je  neither  used  up  nor  formed 
Itliu  reactiuFL 
If  the  CTystallised  salt  is  heated  to  56°,  it  melia  without  leaving  a 
rEsidiiP;  it  hehaves,  ilierefore,  diffeieritly  from  sodiiim  sidphnte 
r<ndiiim  sulphite.  The  fused  aalt  may  he  alloweil  to  corjl  without 
iMlidifyin^;  if,  however,  a  particle  of  the  solid  salt  is  introtluct^d , 
ilisslion  commences  at  onc«.  This  fused  BiiliBULiiee  ia  especially 
for  showing  thill  crratallisntion  is  efTei^tcd  only  by  the  preseiipo 
'the  solid  &<ilt.  nnd  does  not  i^oui^isl,  aar,  in  a  disturbance  of  "the 
bio  cquitilH'ium  uf  the  atoms."  Thus,  if  n  glaas  rod  whose  end  is 
Willi  ;i  (irmly  Ndhoring  coaling  of  tin;  snlt  (all  looae  piirticles 
Sc  cnrefiilly  removed)  is  introduced  into  a  fairly  large  iiraoimt  of 
iflDoloil  fiisod  ihiosidphate,  cryatalliaation  pracet^ds  boIbIj  from  the 
MitwHTfjs,  and  aftner  n  few  gpconds  the  ghiss  rod  with  the  ixuich 
fBysImla  adhering  lAf  it  can  In;  removL-d  from  the  liquid,  mUhcmt  this 
Htitii  Ui  rry.tl-iULtr, 

47IJ.  Sodimn  Carbonate. — Normal  sodium  carbonal*,  Na^CO^,  ia 
trilite  utlt  wliich  rcitdiljr  dieHolv-e^i  in  water  ivtth  alkaline  reaction; 
uihydruUB  it  mtlta  ut  8oU%  and  atii  unitu  with  wiiter  to  form 
hydraterl  pompoiuida. 
Beides  thi>  iuibydrniia  suit,  at  least  four  hydrates  nre  known  with 
nty.  By  biiMidg  down  jl  hot  eutiimled  solution,  a  salt  of  tha 
[riila  Na^l.'Oj  t  11,0  U  depjsitfld.  If  the  sfolutioii  ie  allowed  tn  cuul 
ill  the  air,  the  onlinary  crystallised  salt  containing  lOH^O  ia 
■inn).  On  roolin^  dnwn  the  hot  fiJituialod  aolutinn,  with  exclusion 
idiut,  two  dilfDruuL  salts  aru  uhuiiit'd,  hoth  of  which,  contain  7HjO, 
have  A  diri'prenl  crysUilline  form  and  also  a  different  solubility, 
bicb  of  the  two  19  formetj,  depends  essentially  dd  the  coii(>entriitioii 
liic  Nation. 

ihcso  siilt^,  olhiT  hydrateB  ivith  -3,  5,  und  15  moleculw  of 
rstalliiwiiun  bavu  Iwen  deacnlnni. 
E*di  of  thone  hydrates  has  its  own  solu^if  _,    ,  „„.,^ 
daUlity  curves  ml  one  another  in  a  niann^swiiW  tu  that 

tbc  CMO  of  Glaubor's  wdt.     The  nl':"t>t y^t^Tile  fortfiS  "iSfe^oae      ^ 

iHfiunl  with  III.O;  these  two  hehaftj-lo  i>he  Wwhirrft^^tiallV 

,1!  ■-.-  »:»■■'■■■'. 
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8ul|thiir  fmm  them  in  Home  form  or  otlier,  and  ud  llie  preseiil  rlny ' 
in  suctTussfully  diiTioi  out  in  tho-^e  works  where  tlie  !.«■  Blanc 
ia  still  in  use.     Since,  however,  llie  disapppArance  of  this  proteBS  isi 
ft  question  of  time,  it  is  not  necoisary  f or  us  to  enter  into  a  (Je«cnpci 
of  the  methods  of  "BiJpliur  regeiier.ition," 

The  new  method,  whioli  on  the  Continent  has  prjicticiilly  «ntir 
rephiced  the  oliier  raethoil,  dapends  on  the  following  reaotin 
A.nimoiiia  is  iibdorbeU  hy  u  Holution  of  ccmntnon  sn\t,  and  carloii  did 
then  passed  in.  Soilium  l'ic!iirl>onato,  which  separatrs  out  in 
solid  state,  and  aninKmiura  chloride,  which  remains  in  soluljttti, 
formed.  The  latter  is  dlecomposed  witli  lime  into  calcium  chloriilri 
atQmouia.,  »nd  the  iimmonia  formed  is  uijcd  ugain  in  the  prepur:itiuii 

The  chemical   process,   ihen,  iimoiints  Ui  this,  that  th«  ions  ?l 
NH,'.  CV,  and  HCOa'  are  Wought  together  in  conctnirat^d  sr,luti<| 
Under  these  conditions,  th-ere   will   he  deposited,  in  accoidanCT 
principles  ulrcAdy  Mid  down  (p,  -ll'i),  thsl  salt  which  h"S  itw  smiill 
solubility  ;  in   this  case,  aodfum  bicarbonate.     It  ia  ttiic  thiil   nwill 
ammonia  nor  carT>onic  aeid  alone  ig  digsooiiited  to  any  great  etia 
into  ioiia,  bnt  the  tivo  iinmedinlely  form  ions  when  tbey  comr  tii^i'l 
in  solntirin,  sinc^^  the  iiniuintiiuiu  hiearhonatc  ie  &  salt  whi<-b  in  snluti 
is  dieaociiitod  into  ions  in  the  same  degree  aa  any  other  ncuii'id  mil 

The  pi-oL'PSs  WDiili!  therefore  be  eipiiiliy  auf^fpssfii!  if  in  jilacftl 
fimmonifin  some  other  cation  were  employed,  whtwc  bicnrbonatel 
more  soluble  than  aodinni  bjcai-bonate.  In  the  case  of  aminoiiia 
however,  there  is  the  special  advantage  that  free  amuioiiiA  c*n.l 
account  of  its  volatility,  again  bo  easily  recovered  from  the  ivsidl 
chloride  by  means  of  lime. 

The  ctLemicii)  reactions,  therefore,  can  he  summarised  in  thu  fnlh 
ing  equations  :■ — 

NaCl  -  HXH,C03  =  NH,C1  +  NaHCO^ 

2NH,C1  ^  CaO  -  CaCl.  .  2NH3  -  HjO 
NHj,  +  H^O  +  COj  =  HNH.COy 

Besides  aix^iiim  cUoride,  calcium  oxide  nod  carbon  dioxide  1 
used  up.     The  liitt^fr  are  obtained  from   iiaturaJly  occurring  calnd 
carbonate  or  linieslotie,  which  decoinpoBcs  into  the  two  c-jn-^tiinoiiUl 
heating.      Further,  the  aoiiium   l>i«irboiiate  i't  placed  ori   the  Tinirl* 
only  in  very  sniiUl   mummt  as  such;   the  grenter  part  is  ilei>i.ini|H»i"'l 
l»v  heating   into  normal  carbonate  and  carbonic  aeid  :    2NaHC0i  = 


'  Tl  in  iinl  ensy  tn  se«  nhy  tliB  ilorompfwit!"!!  it  thi'  cilrlmii  psThniiril*  w)d  ■ 
ntnniiiniiitti  clilnrliti'  I*  not  tjoilfd  mt-o  <iite  1 1] loriitinii,  lor  hy  hcjiKTiK   iho  iwo  anmnial 
carbanntc  wouH  tn-  oIiIliIiki^,  whu'li  uimlil  tlLcii  lie  ilisiolvej  in  ilii:  Hilutiun  fl  vpuii 
snlt.     TliecnrUiu  -lio-xi'k-  troui  lli«  ikfompo-llwn  o(  Ihu  itKiluiii  liic^rliouiiili'  •c.uWl 
h^"  exactly  AuFllcLbiLl  Ui  af^jiiu  prpcLpaEjitr?  hoeUuiu  bjOHrlh^itiiita  tmai  tli«  phjIuLIoii.     l*niUV, 
ably  teehoical  dilUoiiltiM  liave  neueMitaled  tlie  liwIirMt  pnweaa. 
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The  aoiia  obtained  in  this  way  (Sotvay  proctiss)  \a  not  only  ebeipep 

by  the  hti  Blanc  method,  tint  it  is  ulsu  coiisidi^rahly  [>urtsr. 
For  special   pnrpOKes,  pui'e  soda  in   obtained  by  precipitjittng  the 
.rboriati;  from  a  ttmcuntrated  solution  of  thu  inipiir€  Kilt  hy  means 
carbon  dioxidUj  washing  this  with  cold  water  and  L-onverting  it  by 
reiigly  heatiti^  into  the  normal  carbonnte. 

In  annlyais,  aoiHiiin  curbunate  is  employed  for  several  pHrpoeea. 
a  the  one  hand,  it  in  uaed  as  a  reagent  lot  introducing  curbiinion, 
)j",.  into  a  j^ven  solution  ;  since  many  tarboiiiitea  lire  difBcultly 
iuble  in  water,  the  rospective  cations  will  bo  precipitnt^d  by  this 
dition.  On  the  other  himrt,  sotiiuin  carlxmate  is  used  for  detoiD- 
Wng  varioua  salts  at  a  red-heat,  lYiore  eapetidlly  for  decompoeing 
icate^  antl  ren<Ienno;  them  suitable  for  analysis.  For  this  purpose, 
18  mixed  with  about  an  equal  weight  of  jhotiwsium  carbonate.  Such 
mixture  nicltji  nuicL  m-ore  readily  thiiii  either  nt  the  salts  alone. 
Its  in  nnothiT  e.Yampltf  ot  tha  mutual  deprQi^siun  of  the  melting  point 
ide  p.  477). 

471.  Sodium  Phosphate.— Of  the  three  soiliiim  salts  of  (jrlho- 
osphoric  acid,  thti  luist  known  ia  the  diflodiiini  8)dt  Na.iHPO^  ;  this 
thc!  salt  meant  when  mliiivi  phuxfi/n'tf  ia  spoken  of  without  further 
laigiiatiori.  It  genenilly  eryflbdli^es  in  lai'^'e  crystftls  uuiit-iining 
HjO,  whieh  readily  elftoresce  ;  with  moat  of  die  other  sodium  sidts, 
wover,  it  ^harea  the  property  of  forming  crystals  eontaining  different 
ounts  of  water,  accorfliiig  to  the  temperature  (if  (.Tystallisatioii. 
US,  more  especially,  a  suit  with  7H„0  is  knuwn  which  ia  funned  at 
peralures  above  3;!!",  and  ia  also  turmi'd  by  the  eftlorosccnce  of  the 
loi-e  highly  hydi-ated  si^lt. 

At  higher  temperalureB,  the  ealt  first  loses  its  water  of  crystalliaa- 

ioit,  and  th«ii  the  utireplai'ed  acid  hydrogen  is  given  off  as  water,  and 

ere  ia  formed   the  smJliim  mil  of  ptfrojihosiihorir  acid:   2NugHP0^ - 

~   0,  4-  HjO.     This  is  the  moat  convenient  method   of  preparing  a 

kyrophdsphate.  and  from  this  pyrophosphnric  acid  (p.  3fiS). 

*  The  above  renetion   i^  of  great  historitial  intoreat.     The  change 

a  the  ehemic(»E  reaction  which  accompanies   llie  above  transformaLion. 

M,  of  a  ntfcesnity,  to  the  conclusioii  that  the  nature  of  tha  aeid  had 

itidergone  an  easential  chani^e  by  the  ipiition,  and  after  Clark  and 

iraham  had  subjected  the  eheinieal  processes  which  take  place  to  an 

(sact  analyticitl  investigiition,  and  had  eatablinlieil   the  fact  that  these 

^risiat  merely   in  a  loss  of  water,  it  was  poBsible  for  t.iebig,  uii  the 

basis  of  this  result,  tu  |iut  forward  the  Urinrfi  iff  Ihe  }.i"hihri^U:  nciiia.      For 

^ncB  at  that  time  (1838)  ihti  methods  for  the  detenniiiatinn  of  '*( 

Bolar  weight-s  had  not  yet  beeirelahoralwl,  all  acids  were  forip 

for  the  sake  of  simjilieity,  as  eoutaining  only  one  combininf 

replaceable  hydrogen.     Liebig  showed  that  the   facta  uon 

jonsistently  anil  clearly  represented  by  giving  up  Una  ne 

irricitig,  where  neueaaary  (more  especially  in  tliuae  au 
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ealts-  can  be  i)re(mrcd),  tLe   t'ornmlie  of  th^.  a.nth  with   twn  or 
comhining  weights  of  replaceJilile  liydiogen.     This  niotho*!  of  lormi 
tion  received  conJimiution  tlirougb   the   conception   of  moinr 
which  was  aubseijiieiitly  developed. 

The  aqueous  solution  of  diso'iilini  phosphate  react«  feebly  aW 
Tho    r*:asoii  -of   lliis   has  already    been   frfven    (p.    368);     thtr  se 
hydrog<.'n  of  phodphoric  acid  tg  only  slightly  disiioeiAlcd,  and  n  itti 
amuunt  of  hydrolj'sra  therefore   occurs  in  the  solulione  of  lb« 
sjnondiiig  salts. 

In  tim  Ubnmtory,  the  solution  of  dlsodiiini  phospbata  is  empli 
to  introduce  phosphiinion  into  reactions.      By  re^asoii  of  the  niitura 
the  diBsoeiatioii   of  phosphoric  acid,  to  which  reference  hiis  just 
madt,  ihi!  aolntiun  of  the  ault  contuina,  to  a  preponderating  oxE'-ii.UI 
ion   HPO^".      If,   as   is   riBCB8a%r/  fi>r  most,  of  the  preeipiiaiiuns,  iw 
deeired  to  bring  tlia  ion  PO^'"  into  ri-aotion,  it  is  fnrrhor  nfa^tsxr 
add  11  base,  the  hydrosyl  of  which  can  fi>nii  water  wilh  the  hydr 
of  the  ion  HPO,",  and  thereby  convert  it  into  POj".     This  trans 
million,  it  is  trno,  tnVcs  place  oidy   to  a  small  extent  in  the  solnti 
itflielf :  if,   howitvcr,  the  ion   PO,'"  is  contininiiirtiy  removed  from 
aoliitiou   by   the   depoBition   of   a   solid   snlt,    ri,   freeh  411/iciitiy  rnn 
alwuys  lie  formed  in  ordii^r  to  eKtablish  ohemieal  etpiiUhrium  in 
Boliitiori,  iind  the  object  aimed  at  will  bo  (itlained,      I'&imlly  animn 
is  the  idkidi  added,  because  an   cxceea  of  it  does  no  h«irni,  which 
sometimes  not  the  case  with  an  excess  of  oiustic  soda  or  putuah. 

If  to  a  solution  of  the  ordinary  sodium  phosphate  the  <|uantity  1 
caustic  Hodii  required  by  the  equation  Nn^HPO^  -r  N'aOIl  =  N«,P0j1 
H„0   is   added   and   the  solution    evaporated,   the    Irimlhim  plu^fihidi  ■ 
is  obtained  in  hydratod  octahBdral  crystals,  which  diasoWc  in  wnW 
with  a  strongly  alkaline  reaction.     By  addition  of  phosphoric  kH 
in  accordaiiet'  with  Na.,HP04+  H3PO,  ^SNaHaPO,,  and  evaj>ciratifiti, 
Tnonnsiiilhnii  ^ihiisphnU:  is  ohljiined   which   crystidliacs  in   two  diticrrnt 
forms,  each  containing  IHgO.     On  lieJng  heated  this  salt  piisscs  into 
the  xiiifium  sull.  of  inffaj/bofjilrm-ir  acuJ  ■  NaHjPO,,  ^  Naf-'O^  -  WJ). 

The  aodiuni  salts  of  pyro-  and  metaphospboriii  acids,  which 
just  been  mentioTied,  ure  the  moat  imporUiut   salts   of   thesr.<  niiio 
While  the  pyi-ophoaphale  bas  only  a  limited  application  (in  medJcio 
the  metaphosphate  is  l»rgcly  used  as  a  reagent  in  qualitative  analyi 
It  is  obtfdntd  t\s  a  glassy  mass  by  healinj;  niouosodiuni  phosphnlc, 
does  not  crystallise  when  it  is  dissolved  in  wai^r  and  the  siMutiiinl 
evaporateil ;    at  a   rtd-heat   it   haa  the   property  of  dissolving 
raetttUir  oxides,  with  ]>n>diiction  of  a  cliaracteristic  colour.     In 
it,  a  small  qn.intity  is  fused  to  a  bead  on  a  loop  of  plutimua  wire, 
to  this   is  added  a  small  quantity  of  the  enlistance  under  investig 
tion.     The  various  hosvy  niatalfi,  more  eepectAlly,  giro  chwriict«i» 
colouFB  itL  the  "jihi'Sphatc  bead." 

472.    Sodium   Silicate    behaves   qitiie  similarly  to  potania 
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hte,  and  is  flmplojed  lis  fodu  imler-iihi-iis  (p.  -(70),  Together  with 
siliu^tei^,  it  occurs  botli  natiirHtly  (£.;;.  >x»  alhiie.)  and  as  u.  nmrni- 
^ctur^'l  [H'odiict ;  thii^,  for  example,  ordinaiy  ijinss  is  a  mixture  of 
odium  anil  ciilciiiiu  silicau-s. 

473,  Sodium  Borate. ^Of  tUI  the  s»it$  of  boric  acid,  a  sodium 

'omixiimd  i3  the  best  known  and  ihe  most  largely  used.     This  salt  ia 

Jkllc!  'j/iiYf.i',  and  has   ibe  composition  Nn„Bj(  tj ;  it  is,   thtrtfore,  the 

oditirii  sa.lt  af  tetmlioric  ficid,  >ljB_,U,,  which  iimy  be  sLipjuiaed  formed 

rom  focir  eomltiiiing  weights  of  orthobfirlc  acid  bv  the  loss  of  SH^O  : 

^m^BO,,  -  5  H„0  ^  HjB.O.. 

Boi'iix   ia   a.  wiit   which   ia  not   very   aolulhli-   iu   \vaU?r ;  at   lower 

'Sempenitures  it  crystiiUises  with  TuII.^0,  iiltnva  Sfi    with  TiH^O.     Tho 

former',  nv  nioro  highly  hydnuoil  fonn,  is  disliii^iiitihL''d  »s  jijismatie 

jms  frnm  ihc  leas  hydriitcd  or  orijih-cil ml  borax.     The  rul.iliou  cxiat- 

ig  between  the  two  sjilifi  ig  aiiniliir  ui  that  between  G!aiil*er's  wilt  and 

'anhjdr'diw  sodium  sulphate  (p-  1!)1),  uoly  the  ocUibwlml  Ixinix  ia  very 

'easily  fomiei],  even  in  its  region  of  instability  below  56  ,  if  nuclei  of 

tlio  prisniiitiL'  fomi  are  oxcluderl. 

When  heutfld,  Iwrax  Iubch  its  water,  first  swelling  up  to  ji  spongy 
^ao&aa.  and  thejj,  (413  the  temperature  i»  iitised,  forming  a  culourlcss  ^laafl 
'which,  uri  L-ooliiijj;,  solidifies  in  tho  aniorphuus  condition. 

This  hr-ix  ^'hi^',  has,  simiinrly  to  fitxlium  Tnut'iphosphittii.  ih<j  pro- 
Ipeity  of  dissolving  uiotjtllio  nsidea  with  prodncljim  of  distinctive 
coioriitiors,  and  is  thcvoforo  used  iu  qualitiitire  inalysia  for  the  same 
I  pui7Kn*c  jis  the  latter  salt.  In  thi;  uLse  of  borax,  however,  the  melting 
point  lies  eonsidoHLbly  higher,  and  the  colours  are  aUo  to  some  extent 
different,  bo  that  the  reactions  in  the  Ijorax  and  those  in  the  phosphate 
.  bead  mH.«t  bodistingnifihed.  To  this  nolvent  pinrer  fornictidlic  oxides, 
the  application  ui  bcn-ax  in  salihriug  is  alsti  due.  SnMenng  consiats 
in  uniting  two  pieces  of  meUd  together  by  fitliiig  them  to  one  another 
and  filling  up  the  spacB  which  ia  left  with  an  easily  liieiblc  metid  in 
the  liquid  form.  In  iirder  that  such  a  junction  may  hold,  the  liquid 
metrtl  miisL  wet  the  surfaces  to  be  uiiite<l ;  tliie  in,  however,  hindered 
by  the  layers  of  oxide  with  wliicii  mo«t  of  the  metals  become  covered 
when  heated.  When  the  Ijrjrax  mdt'i.  it  covers  the  nitifal,  and  thiia 
sventB  the  access  of  arraosphci-ic  oxygen  ;  it  also  dissolves  the  fixide 
^rliich  ifi  present,  and  thus  renders  the  wc-tting  by  the  liquid  metal 
possible.  Borax  is  used  in  soldering  with  dillicultly  fusible,  or  )iard 
soidf.r  (a  mixture  of  copper,  zinc,  rind  Bilver) ;  with  e^isily  fuaible  soft 
solder  (tin  acid  Itiad)  there  are  used  zinc  chloride,  anunoiiiuni  chloride, 
i-esin,  or  atoaric  ;ifiil,  ivhiL'h  have  a  similar  action  to  borax. 

47rt.  Sodium  Acetate. — Sodium  (leeUitf.   NaCgOjH,,,   3H^0,  ia    a 
salt  which  IB  readily  suliiMi.^  in  wat-er,  and  m^lls  at  5^'  in  its  wate" 
crystnllisalion ;    after   the   itddttion   of  a  smtdl  amount  of  «" 
fused  product  can  ^te  cooled  down  without  cryatJillieing. 
liquid,  which,  if  "nuclei  "are  exchided,  will   lieop  for  yi 
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periiiieiils   on  iiii[)er("i.ici]iiif;  (^,   ]!!•)  pnri    lio   very   (Tiiu-eiiienlly 
fonoed,  ainct',  aa  n   rule,  no  nuclei   oS   tliP 'anU  ai-e  pruseiit  ici  the  i 
and  ihe  appurently  siJonUueous  oi-yatallisAtioii  iloes  not.  reiidilj  <>" 

In  tie  lii Moratory,  aodiiim  acetnto  is  often  emplnyut].      Il  is  chil 
used  in  aiiitlyticid  chemistry  for  the  purpose  of  {irepitriti(^  sciluUi 
which   have  tut  jwid   reaction  but  cotiUiin  u  fert/  mii'jll  cmK^nlr-ifii 
hflrimn.      Since   st'veral   of  ihn    preL'ipii:iU«  euiplnyMl   for   aiijilyl 
purposes  arc  diHioIvcd  by  Ptrongly   acid  li'piids,  but   arc 
insoluble   in  weakly  acid  ones,  an  nrtifice   like  ihia  is  of  greu-t 
a  nee. 

Tlie  aViove  ntjcct  is  attainod  by  adding  sodiimi  iicetut*  t«  (lie 
tion  which  contains  hydrion,  t,^,  I lydit'ch I nHt  add  (or  in  winch  hydf 
is  ffimiaii  in  the  intended  reaction).  The  iiiTtJinion  thus  inti-odno 
into  the  suhition  t-umijini's  witti  thf  grii-ater  portinti  nf  tlio  hydr 
pr«B«ut  to  fonn  nndissncinleil  acetic  Afid,  sini't-  .'H'ctic  acid  is  a  ratfc 
weak  (icid,  and  only  a  small  Amo^mt  of  hydrion  is  Ifft-  If 
hydrion  ia  formed  in  the  reaction,  this  undergoes  t.ln;  same  tram 
mation.  always  sujiposin;;  that  there,  is  iicRtJvniim  still  jirestmu 
sodiuin  acctatf  must,  therefore,  be  addfd  in  stiBidcnt  excess. 

475.  The  Oombininff  Weight  of  Sodium  li'>s  hi-m  A.ii«nm 

in  conjunction  with  that  of  silvi.T  antl  I'lihiriue  (ji.  '2'lfi)  \>y  Jittccruin; 
how  mnch  silver  ia  necessary  for  the  L-onvuraion  (if  a  definite  amoU 
of  sodium  chloride  into  silver  chlnriilo,  or  hitw  much  silver  nhlor 
Can  be  obtained  from  a  given  amount  of  sodium  chloiide.  In  this ' 
it.  has  been  found,  Na  -  'li<i7t. 
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.era]. — To  ibe  two  Alkali  metaU,  iHitatisiimi  jlhiI  eoiliuiti, 
in-i-itr  vtTv  jiliunflnritly  in  riiliire,  there  are  il'1«Ii<(1  tliree  athoi' 
le  w^iicli  un;  fviind  nilich  ninv.'  spiiiiii^ly.  One  of  tbcso, 
has  JL  smiillflr  >o<>nihiiiJEjg  weight  ilian  the  alrave  mentiurierl 
t«,  vjjc.  7*03.  Tht!  other  tvo,  rnhiiHitiri  hik)  eo-^»»i,  h"ve  a 
conihiiiicig  weight,  vi):.  85-4  Jind  133.  In  their  cliemicnl 
IS.  th«  lutttfr  iwff  are  t|uiie  an«logou3  to  potafisiiiin,  while 
stands,  ukirie  in  tht'  group,  and  its  chetniciil  imulojt^ueg  aro 
to  bo  fotinii  ill  ttio  elvuiciils  uf  ilic  ii^xl  gruup,  lliiit  of  Che 
oirtb  iiielals. 
ri«w  of  this  circumataiice,  it  nuLy  be  .askofl  wl>y  lithium  ia 
preforuMy  cla9ste<l  iilung  with  these  other  metals.  The  cumjilote 
to  this  can  b*?  givon  only  iiftef  all  thi*  iisstimptions  necosairy 
a  ccmipri-ht'iisivL-  systcmiitisiitioti  of  the  elemerLts  lijive  lieen  dis- 
1.  The  liwissvL'  rt'fisoii  rajiy  ha  here  giv(>n,  viz.  that  lithium 
iiufntn-aUtit  iim,  like  tha  alkali  niPtiiln,  whereiis  the  ions  ffirmiti 
le  alknlino  wii-th  moule  are  (til  (/jvuleiit.  The  apeeilic  Ueitt  and 
retatioiis  art^  nmiiecteil  with  this,  nitil  all  fnvoiir  the  pWing  of 
turn  in  the  gi-ntifi  nf  the  alkali  niet^tls.  It  hlI]  also  be  foiuxl  that 
miwiiM  similar  tn  those  foiiniL  in  tlie  wise  i>f  htliiimi  can  be 
ti|n«ntly  nrid  regidarly  oliscrvivl. 
In  this  chiipLer  'iinrinmiuin  (p,  ol.tH)  also  has  l>een  place*!,  because  it 
u  a  monovalent  cation  Nfl'^,  whivb  is  in  many  respei-u  simikir  to 
tuwivii. 

»77-'  ftnbidiom  and  Caesium. — After  the  foundations  of  sj>frlrvvi 
•/pu  luul  lieen  liii<l  hy  Bunsfii  anil  Kirchhoff  in  lS«iU.  the  former 
■needed  In  npply  the  new  moihoil  tn  several  subsUnces.  And. 
leed,  in  the  muther  li<\uor  from  the  i^lt  wells  at  Diirkhuiui,  he 
md  new  s^iretral  lines  which  iJiil  not  belong  to  any  of  the  elem^nta 
koto  known.     Iii  a  niuterly  reaearcli '   he  GCparateit  the  (.-urrespoud- 

Bwiiw  II  oHain«il  tf  rul  al  nLtridiiim  FhtaHilv  Lud  7  ia*.  a!  (.-leBliini  chtorlil*  Itoni  lUO 
•f  iMilkH  lk|Bwr.  comapnQiliiig  In  44, '2011  kgm.  of  mlQvnl  wkter. 

60S 


50  G 


PRINCIPLES  01 


IGANIC  CHEMISTRY 


ing  subgtjiiiccs  ami  eaLalilisheH  the  fact  tliiit  tivo  new  alk.-ili  mculsi 
present,  ivliich  wei'ti  «apeciiillv'  similar  to  jHititssium,      From  ihei 
of  their  moat  prfiriuiiiicuil  spucti'al  tines,  he  called  ihem  rubidium 
and  ciB^iuto  (blue). 

Tht  two  clcimeiitfi  were  siil>aeiiuently  often  observed,  but  alwa] 
very   small   niuourt.       Kuhidinm   in   found   most   abuiulaiilly   in' 
in(»Lher  li<|irora  from  tin;  Stiiesfurt  |>otfi.sli  aalls,  from  which  it  is 
rated  in  iho  foriri  of  ita  diffiuul Uy  Holiible  double  a.ilt  with  hIuu 
aulpbcitc  (iiluDi).      Citsium  ccimiiounds  still  remain  very  nvre. 

The  cheraiatry  of  these  two  eicnieins,  so  far  as  inveatigaWfl,  ag 
perfectly  with   thiiL  of  t^Iie  [lotassium  conipomida.     The  rorre-qxn 
salts  are  generally  isoninrphciuy,  and  exhibit  similar  solnliility  reluli 
More  especiiilJy  dt>  these  metdls  form  ilitfienltly  aohiljle  «tiCs  wilhj 
ions  PtC'l,,",  SiF,,",  and  BF,' ;  the  aeid  ajdt^  of  tiirtaric   lu-Mi  lire 
lUfficiiUly  aoUible.     Fnr  this  reason  there  ate  no  methcxia  kiu>T 
which  a  tolerably  shar^i  supanitioii  of   these  s]enic<iiL8  r:iii   Xte  eStt 
and    oiui   hus  to   lie  satifified   with   incumplote  separjilions   ba&ed] 
alight   (litleri-ncoa  in   solubility,   which    must   hu   frwpieii tly   i^]!" 
before  the  object  is  approxiiuately  alUdncd. 

Thus    from    the    provioiisly    conventnitt'd    mixUire    of    iht' 
cbloHUuB.  by  the  itddition  of   hydrochloroplutiiiic  iicid,   Hiinsen 
rated  a  amalt  precipitate  which  consisted  of  the  less  sohible  salt* 
two  new  elements  mixed  with  the  more  soluble  potassium  pktini: 
ride.     By  boiling  this  precipitate  with  smnll  ipiantilioB  of  wjiterj 
adding  the  portion  which  paii^ed   into  stihition  to  the  ori;;iiiai   li-] 
he  obtjiined  tt   less  ami  less  sohiblo  platiauni  salt,  whtTh   fiiifiKy 
almost  Erep  from  potiisaiiim.     The  seimnition  of  rubidiimi  *inil  n 
was   efi'ected   by    tr«ating   the   carbonates,    or   the    hydi-oiides, 
alcohol, 

MrlnUii:    ndiuliiiin,    which    can    be    obtained    by    ilislilliiig 
hydrojcidiL' with  ma^'in-'?ium,  hua  the  detieity  ]"o,  me)l4Al   3n°,  , 
room  teniperatiire  is  very  soft.      It  readily  volalilises,  and  igciitei 
taneously  in  moist  air  and  also  in  dry  oxygen.      It  dissolves  iik  loe 
forming  iiii  iimalgfim,  which  bebftves  like  poL-issiiim  amalgnm. 

In  oxj'gen,  nibidinni  burns  to  a  dark  coloured  dioxide,  |;i>Oj 
diasolvcfi  in  wjaer,  yielding'  the  hydroxide  with  formation  of  hytlr 
poro.vido  and  oxy.u;en.     The  hydr'()yido  is  obtained  from  ihe  ftnl| 
by  precipitating  the  snlphaniun  with  biirinm  hydroxida 

Of  the  different  salts  nf  rnhlilinni,  nothing  fl]n?cial  has  f/i  lici 

One  peculiarity  which  is  nuL  found  in  an  appreciable  degree  iD 
case  of  [KJlasaiuin,  la  the  pro[)erty  possessed  by  rnbidiiiiu  and 
of  forming  compounds  with   the  hfllogens,  in  which  three  or  five  i 
bining  woight^i  of  the  latter  to  nno  combininf;  weight  of  the  neuJl 
preaent ;  compounds,  thproforc,  in  which  the  metal   appears  aa  ti>J 
pontavidont,     Sueb  eomponnds  with  bromine  or  iodine  arc  fomiedi 
especial  ease.     They  are  deposited  aadilScultly  soltihle  cryHtalline 
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[iiur,  on  introducing  the  Tree 

I''"  Mf  i(j(lidi;.     Through  these 

I    lliL'  lie-iivr  nietiLla  tbillium 

■■'•]\H,  have  iilso  been  ranked 

'jujiiikIh  are  nunch  more  readily 

•  '2<i  ,   arifi    is    still   more   roadily 

i"iutitlB  of  the  other  (ilkidl  mi'lrtls, 

..   Ai-fvodson  ill  IS17.     KlenienUry 

.'if  liy  Buiiaei)  and  Miitthiessun,  by  the 

liphest  of  )lU  siilii!  siibsUiiices  ;  its  density 

[H^lrol&nin.      It  is  a  silver-white,  iiomewhat 

■1X18    not.    melt    boluw   lyu',,  and    does    not 

I  '^iL.      VVIhmi  licfiteii   ill   ika  ;*ir,  ii  does  not 

1  ar  200",  Jiiid  it  tlii^n   burns  with  n  white, 

ii  tliat  ijf  iimgnesiiim.     It  decompnseg  water 

_  n  fliid   ffiriiiiitioii  of  Itthiiim  hydroxide  ;  the 

iiL^h  Ifras  violent  than  unth  theotber  nikali  metida. 

■  ;il(  nietiils,  lithium  forms  u  mouovjdent,  coloilr- 

■li  (riiiiibinu  tn  form  sidts  with  fill  ;inio»a      From 

■  I    iilkiili    m^lals.   lithioii  is  dietinguisbed  by  its 

I-  iHB  liiffindliii  .■iii/uhle  salts,  which  will  be  mnntrotied 

IjTthiiirn  is  not  capablo  of  forming  any  hut  monovalent 

iam   Hydroxide    is   moat   easdy   obtained   by   decora- 

Bid|ihfite   w-ith   Vmrium  liydroxidi".     On  strongly  con- 
ie  wilittiijii,   lilhiiim  hydroxide,  LiOH,  fle]ifirate9  '.mt  as  a 
M,    which   is  reiidily   Holubh^  in  water,   aUhough    not  8o 
wstic  p'ttreah  nr  aofia,  Inil  dites  not  deliqnosce  in  air.     The 
P'luw,  hi.fwrvp.r,  cssentjally  the  same  |>ropertie3  as  those  of  wiiiatic 
ni!  fJiustie  Hoda,  fur  lithiun  hydroxide  is  diseociated  intu  its 
Li*  ttiiil  OH*,  in  almost  the  aanie  degi'ee  as  the  nlhsr  nlknlis, 

rninfiiiimds  of  lithium  with  chlorine,  bniniine,  and  iodine  are 
iiy  n-adily  sohihlc,  und  deliqiiPBCt-  in  the  air,  sin<:e  their  sixtn- 
Icilioiis  have  a  winatlei'  vapour  pressure  than  the  menu  vapour 
of  the  wat-er  in  the  air.     They  disaoh-ts  jii  alcohol  and  in  a 
of  iilrohol  and  ct.hor.     Since  the  ehtonries  of  ihu  nthnr  alkali 
'^nro  almost  ineoUible  in  this  mixturo,  me  in  made  of  thla  t>ww 
Ij*  fur  the  separation  of  Hthiiim  from  these, 
titliiuni pii-fiik,  howtjvei',  is  very  difficultly  soluble  in  wat- 
Litliiwrii  iiitniff  jtnd  stdphnir  nv%  roailily  sohihio  in  watBr 

■J  SO.  Lithium  Carbonate,  LioCO,,,  \^  diffi-.-idt1y  sol 

IDO  piirls  of  water  dis.sohx'  only  alwul  one  piirtp* 
other  hand,  lithium  Um'hDitak  ia  Biuch  more  oasi! 
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acid,  hywever,  whieh  is  split  off  is  imruBi? lately  oxridiswl  hy  ibe 
aphtiric  oxygen  (p,  U37),  free  iodine  is  formed,  and  the  aarae  mt 
i'L>i»f;Cif»ria  of^cncs  over  agaiu.     Tlio  .^ait  ciui  lie  jirtserved  by  oxclB 
air  and  moislure. 

iST,  Ammonium  Nitra.te. — This  snli  has  already  b«aii  nient 
on  li  former  occivsiun  (jj.  -i-ti''),  since  oii  account  of  ils   decowf 
into  nitrous  oxifii;  and  wjLter  on  lieiiring,  it  is  used  for  tJno  prep 
of  riidt  ana.     It  is  obtained  as  n  very  sduMe  ss^lt  hy  nt^iitridiiiin^' 
acid  with  aniiuonia  or  iLmmnntum  carlionjite,  and  evzijiflmifii};. 
tbi'owti  on  red  hot  charcoal,  it  decomposes  with  production  of 
i<lone,  nr  mixed  with   charcoal,  it  can  be  made  to  explode.  And 
thereJufi-'  «M    in    the  prepuration   of  c-tplomv.^,     Th«--M    are   ig 
with  (EitGculty,  and  L'an  therefore   be  used  without  dangiT.     Sinccj 
Mil>3tjiiice  19  convertfil  winpletely  into  gases  and  vapoures  the  eiq>lil 
effect,   is  an  adviintjiiieuus  ime,  eflpedally  us  the  niiiirjiis  oxidi-  fo 
gives  out  a  eoriBidisrable  amount  of  lie.it  on  deL-omiinBing  (p.  SSIf. 

488,  Ammonium  Nitrite,  NH^NOj,  is  of  interest  tin  ftccoui 
TiHady  liecomposjibility  into  water  and  nitragen  (p.  345) ;  in  th 
Co  it  ia  known  only  fts  a  delirjueacent  and  decora] losable  ciyBt 

mass. 

489.  Ammonium    Sulphate,  (NHiJ^SO^,   ia   isomorphoua 
pota^siiini  Mulphate,  but  is  mucli  more  rendiiy  soluble  in   waUst 
the  latter,     fiiniilarly  to  potiifiaiiiin   sulphate,  it  forms  various 
anlts,  more  especially  with  the  divalent  sulphates  of  th«  mugnt 
gniiip  and   with   the   ujvalent   Ridphatea   of    the   flliiniiniuiii    fa 
The   solntion    is   Honiewhat   more   strongly   disaoc!iatt*d    bydrolyt 
than  thai  of  ammoniiim  rhloridc.      If  the  solid  salt  is  hesited, 
ammonia  and   passL-B  intf^i  thy  acid  ammonium  sulphiitiL',   XH,HS 
rhiii  ia  a  reaction  which   ie  peculiar  to  the  normal  ammouiuni 
all  polybasic  acids. 

4&Q.  Ammonium  Phosphates. — Of  the  three  poasihlp  ami 
phnaphates^   only    tho    tii-st,    two  are   known,   thn  tnonn-  and   tl 
aiiimoniiim    phoi^pbkte,  mnca   ihe  normal  salt   decom poises  so 
into  ammonia  and    diammonium    pboBphiJ.te   that    it    does  not 
The  salts  fiie  "jf  no  special  imjiortanue, 

A  salt  which    ia   lietter  known  is  sofJinni   nnimoniiira   ]ihos)il 
NaNHjHPO,,  4HoO,  or  tiuawmmt  salt.     It  h  used  inalead  of 
motuphospbate  tor  hlowpipe  expmnienCs,  since  it  pasae*  iiitd  the 
Halt   oii^lwatins.      The  decoin[M>sition  takt^s   place   according  '" 
eipiation  NaNM^llPO^  -  N'aPO,,  +  H,0  ^ NH.,.     Since  this  (ieix.tiij 
lion   ia  accompanied  by  a  coni^iderablo  swelling  up  of  the  nal' 
more  eonvenient  not,  as  is  usually  done,  to  first  pnepai'c  the  "  phc 
I»eiiid"on  the  ]>liitinijfti  wiru  imniiHliately  l*fore  tlw  vx|M:rimcnl.] 
to  directly  employ  aodiuni  mela phosphate.     The  name  imrrmfnafi 
is  due  to  the  fact  that  the  compound  i^  lurmed  in  the  evaponklion ' 
human   urine  (decomposed  by  putrefaction).     This  litjuid  excretion  * 
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aleas  constitutjiits  of  the  orgftiiisiu  was  regarded  by  th^  Alcbenusts 

extract  o£  tlie  hiiitian  niicrucciam. 

,^91.  Ammonium  Carbonate. — Normal  annnonium  carboimtfl  ia 

miatfiMe,    fiiiice   it   luiderj^KUs   witli   great  re£idinesa  the  general 

iposjtion   of   ihe   ammoiuiim  salts   of    polybaaic  acids.     On   the 

han<J,  tLi!  acid  salt  NH^llCO,  is  very  stabi*,  and  scarcely  smolls 

itnonia.     It  cryataJliaaa  from  solutioim  of  ammonia  which  Lave 

«  BuLurated  with    carbon   diu'Xide.       The   two  salts  cumbiue   witli 

jinother  to   form  a  il'iiiUle  suit,   the  so-called  ummoiiiLuu  sesqui- 

boniLto  (XHjj^UOg  +  SXH^IICO^,  which  forms  the  chief  couBtitiient 

comiii^riiicil    ummonium  carboniLUj.      I'ho  liiLter  usually  also  coii- 

ids  untim-'iiima  carlntmult    or    the   itmrnonituii   salt    of    airbamic    add 

.    39t)),  Vrhich  is   prochiced   from   the   normal    carbonate  by  loss  of 

"   it:  (NH,).CO,,  =  i\n,OC0NH„  +  H,,O. 

^4i^-2.  Amnaonium  Sulphide. — The  two  compounds  which  sulphu- 

hyili'rjj^eii  i^m  iwn\  ivitl]  iiiiiinoniuw  ws  largely  employed  in  the 

sraLory.     They  iire  preimred  by  jKissiiif,'  aulphurijtted  hydrogen  gas 

kjYMigh  a  strong  aolutioo  of  Ammonia.      With  ii\(;GEb  of  stilphur^tted 

ifdragen,  iimmoiiiimi  hydrosulph ifle,  NH^HS,  is  formed  in  the  soluLioii ; 

to  this  iri  added  an  much  ammoiiiii  as.  was  oHi,'iuidEy  Uiken,  a  solution 

aiiimoiiiiim  sulphide,  (\H,).,S,  is  obtained.     The  latter  soliitiun  does 

["jOt  contain  solely  Jimniouinm  sulphide  iind  its  ions,  any  nioi'y  than  the 

^Orres]>ondiiig   compound    is    alone  coiititiuod  in   the  solution  of    ihe 

Ikali  sulphidea  (p.  4ti6) ;  on  the  ciontrtry,  liydrolyeis  proceeds  further 

2ji  this  fiaae  than  in  that  of  the  latter,  for  we  are  here  dealing  with  the 

It  of  a  wojik  ba.'ie  with  a  w|ak  acid.     For  thoau  reuctionB,  however, 

''itt  which  .siilpliidioii  S"  is  corsumed,  thenctual  condition  of  the  solution 

Ftb  of  ciini|).i['atively  iittlB  iiufjorlaiice,  since  the  aulpliidion  whieli  is  used 

Up  iti  the  reaction  can  be  produced  ufresli  in  pi'oporbion  a&  it   passes 

^Ut  of  tho  solution. 

Both  the  above  salts  can  be  obtained  in  the  solid  state  by  mi:£in^ 
Hulpburetted  hydrogen  :ind  ammonia  >;as  in  the  nt^eessary  propor- 
'  ans:  Na,  +  H„J3  =  NH,H8  und  L'NHs  +  II^S  =(NH,)gS.  In  this 
ray,  crystalline  ma^Hes  are  obtained  the  vapour  density  of  which 
jhows  that,  on  Vni>orifi4tioi),  they  ajfjiin  deenmpose  into  their  com- 
lonents.  The  sulphide  is  exceedingly  readily  volatile,  the  hydra- 
BUlphido  lese  go. 

*  In  the  case  *if  ammonium  hydrnsnlphide,  thorough  investigations 
l-lttvve  been  made  couci^rnin^  the  equilibrium  l>etween  the  solid  salt  and 
its  vaprjur.      If  we  denut-e  the  concentrations  of  the  aminoilla  and  of 
tlie  sul[ihiiretti}d  hydrogen  by  a  and  h  respectivfly,  ami  by  o  the  L^on- 
centration  of  ammonium  bydrosidphide  in  the  vapour  (this  is,  indee.d, 
vy  small  but  not  zero),  then,  in  accordance  with  the  general  wpiatior 
'equilibrium  (p.  330),  we  have  the  relation  altjr^k,     The  coiico" 
ftion  of  the  undiaaociatod  ammonium  hydroeulphide  is  dvp&ndo' 
[on  the  temperature,  since,  according  to  Ualtoii's  law,  the  v 
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sure  of  a  given  subatanco  remains  the  same  whether  other  ml 
lire  present  in  the  {Ois  space  or  iioL  For  i-tu'b  teni]>crxLnrrr,  rinreft 
tbe  product  ab  must  also  He  constant.  It  i*  it  caa?  of  an  eijiiililimi 
therefore,  which  h  perfect!/  similar  to  that  between  n  aolifl  mH  ■ 
its  partially  imiiseil  sohition  fp.  -HT).  Aa  a  matter  o£  fiict,  aIso^I 
loUowing  peciiliaritjes  were  found: — 

(a)  If  tLero  is  no  exci^sa  of  one  oi  the  tonipoiients  in  the  5*8  ep 
(a  =  li),  ii.  definite  (Jisaociation  pressiire  is  ■catiitjji&hod  which  is  dc[>siidi 
only  on  the  temiwratu re,  and  not  on  the  relative  .iiuounts  of  solid  s 
stance  and  vnipour.  J 

This  follows  from  the  eqtuLtinii,  for  if  u  =  b,  the  e^^tuition  iuM 
the  form  <r.-  -  h,  iind  I  as  woJ!  as  c  depends  only  on  the  teinperatur 

{b)  LeE»  of  the  solid  siihstunt-Q  evapurtites  into  a,  space  in  wh 
ammonia  or  snlphnretted  hydrogen  is  aireadj-  present ;  the  effeet 
eqna.!  excesaos  of  thL'  twu  gasHs  is  Qijtial.  This  also  w irreapornU 
the  e.fjnatioii,  for  the  expression  ahjc  ia  symmetrical  in  rea|wct 
(I  ami  b. 

*  The  eiiuilibrium  of  ammonium  aidphide  wiruld  aeces&ikrilr 
represented  by  an  etjuation  of  the  form  a-bfc  =  k,  because  two  ni 
of  ammonia  react  with  one  mole  of  eulphuretted  hydrogen.  ' 
decdmpositiiin  of  ammonium  sulphida,  liuwiever,  docs  not  take  pi 
in  Huch  1I  way  that  the  twi>  gaseous  components  aro  formed, 
in  such  a  way  that  aninnitiium  hydro8ti!|ibid(j  is  produced  alon^  * 
free  iimmoaia,  The  conditions  of  equilibritim  become  tberehy  cum 
cated,  and  will  not  be  discussed  here. 

The  aqueous  solution  of  amnioniiw  stdphide  rapidly  beol 
coloured  yellow  in  the  air,  because  the  sulphuretted  hydr<.)geM  wl 
is  split  olT  by  hydrolysis  is  oxidiHed  by  thw  iitmospheric  oxygen  ( 
p,  '-~'^)\  the  sulphur  which  is  formed  dissolves  in  the  exces 
iiramuniiim  sulphide  to  form  poIyBulpliidt-s,  toiTospoiuliiifj  t<j  the  «t 
polysidphides  {p.  ■tf>7).  A  tetra-  and  a  hoptasiilphidi;  ui  ammuni 
(NHJ^Sj  and  (JIIl,)^^-;,  have  heen  prvpa-rijil  in  the  »->litl  state. 

In  the  laboratory,  ammi>iiinm  sulphide  is  used  for  theprecipitatiti 
those  metidlic  sulphides  whicli  hiq  dissolved  by  free  acids.  The  tht 
of  llicse  pretripitatiitiis  has  already  Wen  given  (p.  liTT).  I'utJLss 
and  sodium  sulphide  liavo  the  same  action,  hut  iimniwtium  sidphid 
preferred,  liccausL'  an  excess  of  it  can  be  iiion:  easily  rL-mnved  fnim 
solution- 

Y''Uuip  atnmoninm  sulphide  is  used  for  dissolving  those  met 
sulphides  wlmse  higher  snipluu'  compoufidj;  cun  puss  into  ihio-H 
and  form  soluble  amnioniuBi  salts.  Tin  sulphide  is  tin  exai 
of  this.  Further  iiifunnalicin  on  tiiis  point  will  be  givou  lutJer 
respective  metala. 

Besides  Iwing  used  for  obtaining  sulphur  c-om]>annda,  ammon 
Bulphidu  is  alsn  used  as  a  reducing  agent,  especially  in  org 
chemistry.     The  action  depends  on  the  corresponding    proper 
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dphuretted  hydn^en  (p.  278);  ammonium  sulphide  haa  the  advan- 
igo  that  the  reagent  can  be  used  in  a  much  more  concentrated  form 
!■&  the  slightly  soluble  sulphuretted  hydrogen.     Hydrogen  is  used 

Lin    the   reaction,  the   sulphur  is   precipitated,  and   ammonia   is 
ated.      Fresh  sulphuretted  hydrogen  can  then  be  passed  into  the 
lliitioii,  if  it  is  necessary  to  continue  the  reduction. 


CHAPTER   XXIII 


CALCIUM 


493.  General  Remarks  on  the  AlkEiliae  Earth  MetELls.- 

tiietila  (if  ihis   in;w  gioup  are  distinguisliej   from   the   alkuli  uieO 
easentially  by  their  [lower  of  cxdiiaively  formiug  Jimiatt  caiiinu, 
IB  seen  froni  the  fact  that,  e.c/.,  the  amount  of   paU'inu  -w-hich  can 
bine  with  a  giveu  amount  of  chloridioii,  tloes  not  liepress  tlie  ft 
point  of  the  aijiieoiis  solution  by  the  Scinio  iLiiioiint  :is  (In-  chlnridil 
hut  niily  \,y  half  (18  niuct.     One  iiioltir  weight  uf  cak-injii,  ifiu 
iwnibines  not  with  ime  tut  with  /wvj  mnlitr  weiyhls  of  chturidion,! 
for  this  reason  it  miiat  he  regarded  as  diviklent, 

"  Since  the  diffureiit  ions  cannot  he  handled  separately,  the 
reHiilt  was  obtained   indirallji.      If  very  diluUt  aohilioiiB  of  [jol 
thioride  luid  of  calduiii  chloride  are  propareil,  in  whitli   the  cone 
tnttionii  of  tht  cliloridion  are  the  same,  and  the  fn-tjizing  |iiiinl» 
doti-rniiriGil,  the  df]»ri'ssioiis  of  the  lutter  art'  not  equal  bill  an>  in  I 
ratio  of  4  r  3.     Since,  in  tho  citsc  of  potassiimi  thkiride,  an  cigiial 
of  tho  depression  is  ihie  to  each  of  the  iuns,'  Ihe  shnrn  of  the  chltj 
in  the  aolutiou  of  culdimi  chloride  muet  also  be  {mt  (M|iia1  to  two,  < 
the  titlciou  has  only  the  effect  one,  i.r,  acts  half  as  aCrongly  u 
potassion.     From  this  the  ivbovc  conclusion  follows. 

Other   difVert^nces,  altlioiigh    not    so    decisive,   arc    found   in 
s'AvlAlitu    r'-l'il I'-i's    of     tho    salts.       Thus,    for    example,    the    no 
carlKinntes    and    phosphatijs   of   the    alkaline    earth    metals  are 
ditfitnllly  soluble  in  water;  indeed  it  is  only  t^e  alkali  nietah 
cau  foi-m  readily  soluble  salts  with  the  ions  carhanion  and  phosi'la 
(and   With    a    series    of   similai'    ioos).       It    haa,  howevt-r,  joet 
sp<;cially  mentioned  that  in  this  respect  lithium  frirnit  a  tiitnsition. 
The  metala  ,of  this  ^roiip  are  Icsa  flonsitive  to  free  0XTi;cu  ild 
oxygen  compounds   titan  th«  alkali  met'iU ;  they  are  also  inuch 
readily  fusible  and  volatile  than  tli«  l»iter.     Here  also  the  same 

'  Tills  U  heun  froiii  l]i«  fiict  t.lint  orip  tnolo  (  =74"fl  gi".)  oi  jmla^iiBOi  chlori'tr  i 
•lejifiuAion  of  Itit^  iTcexitig  [loilit  H'liii'li  i^i  ttvicc  us  great  ag  tlmt  giveu  by  one  inol* 
uniliisoaiRtad  subttaDca. 

SIS 
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Uphuretted  hydrogen  (p.  278);  ammonium  sulphide  has  the  advan- 
ige  that  the  reagent  can  be  used  in  a  much  more  concentrated  form 
lan  the  alightly  soluble  sulphuretted  hydrogen.  Hydrogen  is  used 
p  in  the  reaction,  the  sulphur  is  precipitated,  and  ammonia  is 
berated.  Fresh  sulphuretted  hydrogen  can  then  be  passed  into  the 
>lution,  if  it  is  necessary  to  continue  the  reduction. 
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The  reasiin  of  ihis  is  that  oxalic  Jifid  is  an  add  the  ^tri'Ti^h^ 
electrolytic  (iiawicmtion  of  n-Iiich  lies  between  ihat  of  hydr-t^hlflll 
acid  iiiui  of  iicotic  iicid.  If  ralfiiiTn  oxalate  is  liroiiglii  iiw 
with  waller,  a  very  BiuftU  ^juantity  of  the  pret'ipitale  diss- 
acetic  acid  ia  added  to  the  liquid,  it  contains  aimh  n  amall  amnunl 
freo  hydrion  that  only  nn  exlreniely  slight  change  t-ikos  pUco  in 
cheaiical  e>|uilil'riiiin,  ia  snch  n  Hcnao  thait  <^iiite  a  stual!  i[ii»iiliiT 
the  oxaliinion  unites  with  hydritiii  tO'  form  nndiBaociat-o-d  iixjiii- 
fcht'  inoiKiviilent  hydro-oxalanion,  O^O.H';  the  conaequence  i- 
Bmall  iner'e.'iae  in  the  amount  of  salt  piissinj^  into  solution.  ?SinM, 
iL  is,  ihti  solulnltty  of  calcium  oxalate  is  very  alight,  this  increaw  ii 
no  nci'nnnt  analyticaliy. 

The  tttse  ia  different  when  a  stcongly  dissociated  aciil,  like  hi 
chloric  acid,  ia  added.  A  iHi-yt'  amonnt  of  hydrion  is  then  inirddii. 
into  the  solution,  and,  accnrdingly,  a  comparatively  Urge  amoimt 
oxalanion,  t-'^O,",  rlisappeiirB,  owin^  to  the  forniiition  oi  Hl'„0/ 
H„C„0^,  and  ijiust  bt-  replaced  by  more  calcium  oxalntc  paseitjj;  t 
eoliitioti.  Accordingly,  much  more  of  the  precipitjite  will  be  diwolTi 
&nd  ^vith  sufficient  amount  of  hydrochloric  uctd  the  whole  praf:i)til 
passes  into  aohition. 

For  this  reiLson,  in  precipitaUtig  calciojl  with  oxalanion,  oue 
rot  nse  a  solution  of  /nw  la-alir  arid,  whereby  the  detrimental  h 
would  I>e  intn.wiuced  into  the  solution,  but  timiiMinim  mrulatt  ia 
ployed.      If  the  aolution  itself  is  strongly  acid,  the  excess  of  h; 
CAU  be  removed  by  wlditjttn  of  .fciittm  acet'jie ,  acetanioii.  bei 
ion  of  a  weak  acid,  unites  with  the  greater  part  of  the  hydn" 
form  iindissociated  acetic  acid,  and  only  a  tarmieas  amount  of  h 
ia  left  hehind. 

According  to  the  tcrapcralure  emploj-ed,  the  precipiutc  of 
oxalate  contains  various  anioniits  of  water  of  crystallisatirjii,  and 
not,  therefore,  be  weighed  aB  anch  in  the  quantitative  dete 
of  calcium.     It  ia,  therefore,  beatal  either  gently  to  convert  it 
cali'iuni    carhonate    (C'aC'^O^  =  CaCOj  +  CO),   or,    sinee   «oine 
oxide  can  thereby  be  readily   formed,  it   is   better   to   heal   it 
bright  red  heat,  whoreljy  it  is  enniplelely  converted  into  raJfium 

Calcium  oxalate  is  also  found  (vh  a  constituent  of  certain  iirr 
calculi  and  vf^ry  widely  disLnbutod  in  almost  all  plants ;  in   the 
of  the  latter  tlie  comparatively  large,  trans^parent  oci-ahedra  of  hydi 
calcium  oxalate,  which  ha>e  the  appeamiu'e  of  an  envelope, 
readily  recognised  under  the  micro&cnpe. 

si 2.   Calcium  Carbide— If  cail»on  acta  on  lim,e  at  a  very 
temperature,  there  occius  the   reacl.iuii   CaO  ^  SC  =  CaCj  +  t'O. 
eompotuid   t'aL',,  which   is   formed   is  called   fulchim   carbvtf,  anJ 
been  manufactured  for  aonie  years  in  very  targe  (juantities  for  con- 
version into  acetylene  (p.  410). 

The  reaction  ia  carried  out  in  the  electric  fiirMace,  but  the  proMH 
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nothing  xo  do  ftiih  eleotrolysia,  the  current  serving  only  to  pro- 
ihc  rw.(iti?ite  hi^li   tempcratiire,  and  to  yii^lci  the  lar^e  amoimta 
whicli    the , 


1^^ 


Km.  ii». 


n^|iurts.      In 

113    HTt     eitpcri-  ^ 

eliectric  furTja<:e 

at*d,  formed 

of     refractory 

oikiuTTi    car- 
|de    forms    nlmost 
itoti rlees   crystals 
eomtneix-iiiil     pro- 
n  apfiuirs  us  »  l)lacl£^grey   nuisa  of   irregulftr   lumps,    having  the 
iclfribtir   giiit>li  of   phoBpliorett«ti    hydrogen,    which,    however,   JB 
iwily  til  impiiritieR.      Ita  density   is   'A'li,   ;tiirl  it  lioi-s    nnt  nielt 
ow  a  whiU'  hcat- 

Tbe  Hitjtit  itui)v>rtaii(  reaction  of  the  cnrbtde  ia  that  ft  is  decom- 
liy  water  with  (ormation  of  calcium  hydrtixiile  iiinl  aeeh/tenf  ■ 
2t  *-  yR,0  —  C'a(OH).,  +  f'aHj,  In  this  reliction  a  consfdei'aliEQ 
iiii.  i:»f  heat  is  dtu'eloped,  ao  that  if  water  is  allowed  to  come  into 
et  with  II  ci)nii«initiveEy  large  quantity  of  carhiile,  the  tempera- 
cui  risif  to  a  rwMitiat,  The  apetyl«ne  is,  however,  dLX^orapiised 
der  siicb  conditioner  ami  a  [xmrly  Inrainous  gits  is  ohtjiined.  Thoae 
EtylcDfl  genemtoi's,  tliorefore,  are  the  best  in  which  the  earbida  falls 
ooiD{mnitivGly  large  quantity  of  water,  or  in  which  the  rise  of 
Dperatiiru  U  otherwise  avoided. 

*  Tfat'  prublem  of  making  an  antoniatic  ac«tyleiie  |;»nerttbor,  which 
t-apabii'  of  Kiniple  solution  on  the  principle  of  the  apparatus 
rilwd  Mt  p,  tf7,  lia.s  ill  reality  turned  out  to  be  very  difticidt.  This 
tdne.  un  tho  one  hand,  Ui  the  fact  jn^t  nii^ntioneil.  and  on  the  other 
,  to  the  fact  that  calcium  carbide  reacts  powerfully'  cv*n  willi  water 
r,  10  tliat  the  si>called  iifter-embttion  of  gas,  i.e.  a  constant  evolution 
'put  fVfii  when  the  app.^ratug  should  be  at  mat,  is  dilticuU  Ut  avoid. 
Tlit<  dt'trinn^rital  effect  of  nioderat-e  heat  on  acetylene  ran  l>e 
tly  shown  liy  allowing  the  gaa  to  pass  through  a  horizontal  tul>o 
eiiteritig  the  Imrner.  So  long  as  the  tube  is  lold,  the  flame 
I  ?ery  brightly,  but  m  soon  as  it  is  ht^ted  even  to  a  durk  r«d 
fifae  flame  becomes  almost  non-luminous,  and  charcoal  is.  ctepi.isit«d 
I  iht  ttibe. 

If,  during  the  int«ractina  between  lime  and  carbon,  nitrogen 
the  iiir)  is  nl|u\ve<)  acct^ss,  a  compound,  •xHiim  fijnuitiinrjr,  CaCN^ 
ii«H.  When  thifi  is  treated  with  hut  watrr  the  nitrogen  is  split 
luiiDionia:  CaCN,  +  3H^0  =  CaC0j+  2NH.,.  The  sama  reactioo 
plac*  fitowly  in  the  cold,  so  that  tho  Bubstance  enit  be  used  as  & 
BR  manure.     (Cf.  p.  489.) 
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513.  Oalciimi  Silicate  and  Glass.— SiEicaies  of  «ilcinm  oc 

the  [.Hire  sU\U:   in   it:iUire.  fumiin^^  nnimpnrlaiiT  minenils  whk-li 
Ifiit  a  slight  diiibrihiitiuii  {wolln-ififnHf).     CohiIhuH  with  other  sili*' 
however,  cjilciiim  silicaU.'  is  a  very  fi'eqiient  coiisiitiierit  of  thi-  ii.ittir 
occurririg  minerals. 

As  H  clicttiiuil  pri>duct,  silso,  cikiiim  ^ImitL-   iisulf  is.  of  no 
portancE<,  Itut.  i^  of  great  impurtanco  whun   mixed  with   the  aiUe 
of  the  -ilkali  inntfiK      These  mixtures  cniiBljtmfl  <?/aas.  the  wrll-km 
reBistiiril.    Miid    trmiiipiii'oiiit    m;iterijil    whJrh    liri>ie    ati    aj'pl iculion 
nil   dcpvLrtrtieiits    of  duily  life,   in    the    niaunfibcliires,   ui   art,  iia\\ 
Bcience. 

Ghias  is  a  mixture  of  prntJiasiiiin   ot  stjiiium  ^illwite  niiil  cal 
silicate.       This   is   the   eijni jnwi timi    of    ordiunry   vriml owglnaa  \sr\ 
^]a&sw»rc.     For   .'^peciu!   ])iir]iij»i!3.  still  otlior  niotal   oxidci^  urc 
and  alfiii  phosphorii:  iiiiJ  bono  a«;iilfi  in  pliicp  of  ailicic-  sn'iil, 

Th(3  (^htiniical  coinfjoai lion  of  ^ood  gUas  iigrees  apimisimately 
the  formula  A^CaSi^.O^^,  whero  A  si^iiili*'.';  potassium 'ir  sodium  or  li 
Ordiaury  glass,  lioivnver,  geriomllj  iciiiitaiua  less  ailieic  acid,  stncu  it 
then  more  easily  fusiljli?. 

Glas^i  is  amorphous,  as  \&  shotvti  h}*  its  isotropic   iiatiirv  And 
ahsence    of  a   definite   melting   point.     In  certain   gJasses   thern  it 
bendeiicy  for  some  purtioiis  to  separate  out  in  tlir  crystidlinc  sb 
this  is  known   &%  deriinjri-uiioit,   and   it  is   endcavmireil   to  avciitl 
condition   Uy  a  sliitaMe   thange   in   the   jiriijjortions   uf    the  miirt 
All  the  Kime,  dein I rifi cation  occurs  in   the  case  of  nlnio^jt  all  pb 
when  ihiiy  are  mitiatniiKitl  for  n  bug  time  at  a  teraptratiiru  iic*r 
point  of  soflunirig,  but  with  good  glass  the  process   Lakp.')  place 
extreme  slowness. 

Whilst  alkali  silicate  is  fairly  readily  dissolved  by  waler,  gis 
very  fi'siatiint  to  this.     It  is  altscked  least  of  all  by  acid  solutiu 
pure   water  attacks,   it  more    strongly,    and   nikalintt   Bidut.ioris 
strongly  of  all.      By  exposure   for  soma  time  to  the  action  of  bL 
the  fuHace  of  glass  veii^sfU  becomes   leas  easily  utUucked.      Mor 
the  re^istancs  of  the  glass  depends  very  largely  on   it£   eonilMKit 
it  is  all  the  less  the  poorer  the  glass  is  in  silicic  acid  and   the  richerj 
is  iei  alkalis.     Fiirthi>r,  tha  remarkable  hebnvioiir  has  Keen  di%ci>ve 
that  gla^s  which  contains  ]}otash  or  soda  niimr,  is  much  more  resikti 
than  glass  which  cont-xins  both  alkalis  together. 

*  By  reason  of  the  ini'lirmtion   towards  economy  of  fuel,  it ! 
formerly  become  a  cioiom  in  glassworks  to  maniifaL-ttire  a 
fusible  glass,  rich  in  alkali,  so  that  l.ho  liad  and  small  reHist^-int  c\ 
aeter  of  such   gkisses   became   a  stonrce  of  distreas.       The    3cifii( 
investigations  which  were  in   cotiHequence  carrifd  out.  some  of  irl 
liavft  been  mentioned  above,  at   once  led   to  a  suitable  adjtjsimeni 
the   factors   which    must   be    taken    into    account    for    utnrnifa^'tHrRig 
pnrpoaes,  and  at  the  preseut  time  there  is  jirodncpill  at  many   pli 


CALCIUM 


537 


wpecijJIy   (it,  Jeiiii,  a  glass  for  :ipiiaratus  whicb  is  coiisideralily 
iur  in  t|iin]ily  to  line  besi  sorts  of  ^hvm  [jreviously  made. 

action  of  wutui*  oii  gluan  cou^^ist^   in   iree  aiknYi   anU  iilkali 

p&sting  into  snlitiioii.,  ;i  liydiiitMl   silicatf.'  coiiNiiiiiii"^  W-nn  alk;ili 

.g  left.     Thi.'j  action  itici't:ases  very  mpldly  witli  ri^ng  tL'iupcrtitiii'o, 

above  liOO    iiu  gUss  vt'itlistanda  ilii'  ntuioii  of  natei'. 

Ia  tbe  manu/aclnirt  of  •jhtsD,  one  starts  with  silicon  (Uoxide  (quartz 

potunium  or  soctium  cjirbnujitc,  jtrid  cjilciiim  carbunat*,     Ttie 

iiw,  mixed  in  tho  proiMT  proportion?',  (tee  tirst  iHiiititoineO  for 

time  At  A  morloiate  reii  liea.1  ;  the  silicates  are   [hereliy  funiicil, 

oo  fusion.  Only  sitit^riiig,  occnrg.     Thb  ie  done  in  i>F<lot-  thiil  the 

dioxide  may  escape  witbunt  tlie  mass  Iwing  thrown  out  of  the 

by  tb*  evolution  of  gas,     Thi!  "frit"  is  then  fused  at  n  higher 

are,  *nd  is  maint'tined  at  such  a  teniperainrc  for  a  snlUcicntly 

*ime   to  alloT  the  gw  biibbSes  to  escape,  and  the  undissolved 

es  of  the  mass  to  sink  to  the  holtoTii. 

If  thi-  gliiss  is  to  h&  worked  up  by  [Kiiiring  into  tjiouMs,  it.  rn;ty  be 
Btl  in  the  ttbove  condition  of  a  thin  liquid,  (jencrally,  however,  the 
■  is  "blown,"  and  for  that  purjtoae  it  must  be  rendered  more 
BOOB  hy  Inwnriiig  the  temperature.  The  hlowing  of  gljiss  is  a 
{ling  of  it  with  the  help  of  snrfact  ftttxiim.  A  certain  amount  oi 
I  liiguid  glnss  is  taken  up  with  an  iron  tiilie,  llie  "  blow  pipe^ "  and 
hlawii  up  like  a  soiip-bnbble.  The  fiindiimeuta!  form  which  ia 
tftinetl  is  thi.Tpfore  a  bnlhiw  sphere  :  under  the  action  of  ginvity,  of 
ithfugal  foroe,  and  especially  hy  ttuitubly  heating  mid  cooling 
Serent  parte  of  the  object,  very  various  forms  Ciin  Ih)  prtKluwd. 

For  many  pieees  of  ap]w.ramsi,  especially  whiiu  enudl  ami  L-oinpli- 
ted,  thfr  ^Ia8«  is  worked  hffi/rr  Ihf.  hliiir-/ii[i'\  aftei'  it.  han  been  l>ron;;ht 
to  thp  forni  of  /nVn  of  varioiui  thickness  and  witltli  in  the  glass- 
orks.  Thiwe  mbes  arc  ohtwined  l-y  first  blowing'  a  bulli,  then  Cueing 
iiun  pod  to  a  point  diametrically  np]K>sit«  to  the  blow-pipe  and 
f«tly  M-ftarating  the  two  points  of  altacitiucnt  from  one-  another.  A 
T  nlimgaliKl  4-llipsoid  is  formed,  the  middle  purtion  of  which  does 
I  dtvimie  nutenally  from  a  cyliniK^i'.  In  working  before  the  blow- 
[M;  llie  nine  aids  are  employed  iti^  in  the  works,  viz.  surface  tension 
I  ■iritablr  heating. 

•   Moulded  objects  must  be  "niineale<l,''  and  this  must  be  all  the 
bre  c«refidly  done   the   thicker  and  larger  these  objects  are.     The 
ling   consists   in   allowing   the   tcniperalure  of  the  glass  to  sink 
TV  slowly.       Quickly    cooled  glos.-?  fontairie  internal    strain*, 
arias   in  the   foUowiug  manner.      In   rapid  cooling,  a  low  tcm- 
itiuv  is  soon  cstabliehed  at  the  sui'face,  and  tlie  outermost  Ui-yer 
ifin  while   ilie  interior  is  still  very  hot.      The  external  volume  o( 
Itaap  orresponds,    therefore,    to   (lie   volume    jtosseased    by    the 
irior  portion  at  the  high  temperature  :  when  the  maas  has  become 
M,  the  interior  tenflg  to  contract,  and  thercbv  exeita  on   the 
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pariictiliir,  it  is  in<iepcn<lent  of  the  |iTOporti«iis  in  which  the  two 
substjinces,  calcium  carlwnatt;  iiTiiJ  lime,  iirc  present ;  it  is  also 
pendent  of  tho  rcUtive  amounts  of  tho  solid  and  gancoiis  pb^ises. 

•  Thia  follows  ns  m  iiecessiuy  consef^iience  front   the  phaftc 
Thiii-e  am  tw-ii  components,  lime  ami  carbon  tiiosido,  from  «-bicfa| 
thu  phuses  prt'sewt  chii  lits  cottiiMJiiiiJed.     Since  thcrt  are  three  pb 
pi'eaent,  viz.  carbon  tiioxide,  lime,  and  calcium  carbonate,  there  is 
■Mil-  (/r^("«  of  fireilmi,   i.e.    U\  viidi  teni peratm-e    there    frvrrespond 
pcrfoetiy  defiiiitQ  pressure,  atiil  the  aniomils  of  the  phaBes  havej 
influeiico. 

*  The  sairie  followB  from  tho  law  of  mass  action.      If  we  aiH 
concentTiHtiiin   of  carborintt,   tjxide,   ami  frtrboii    (lii>xide    r,   /.   and] 
respeccivcly,  wculitatn  tho  equation  /.  ii  =  i.f,  in  which  I;  thoequiltl 
constant,  ia  a  function  of  the  temperature.     In  this  er|iiatioii, 
the  eooceatratioris  of  tho  aij-lirl   suhfttimceB,  n  and  /,  are  consL-mt, . 
consequently  4  must  l>v  a  funi'tioti  orily  oS  the  l^uipcr^itiirf. 

As  an  exaniinatiori  of  the   table  shoivs,  the  "hurraing"  of  lime  i 
more  heating  tannut  be  carried  -out  niidt-r  a  ten)j>enituii;  of  812",  i 
it  is  not  till  this  temperatiiro  that  th«  presHure  of  iha  carbon  diono 
reaches  one  atmosphere  and  the  escape  of  gas  ia  asaure-d.      Since, 
ever,  this  e(|uilibriuTu  depends  not  on  ihc  absolute  pressure  but 
OH  the  partial  pressure  of  the  carlmn  dioxide,  tlte  ileconi|nisiliiiii 
be  caiTie<J  out  at  ii  niiivli   lower  tenipenitnre  by  keeping  the 
pressure  of  the  carbon  dioxide  snlficiently  li>w.     Tins  can  W  done  I 
allowing  another  gJts,  most  simply  air,  to  streara  over  the  lioali'il  ■ 
bonnle  ;  at  each  mument,  than,  there  eacapca  {at  moat)  so  much  ca 
dioxide  that  the  partial  presaure  coi'resporiding  U.i  the  particular 
perature  is  estahliahcd. 

The  great  similarity  which   this  phennmennn  beare  to  that  of 
boiling  ajid  ovaporation  of  volatile   liquids,  is  cssily  &een.     Tbi* 
iwratnre  of  81^    is,  so  to  say,  the  boiling  jkuiiI  of  calcium  carl)onati 

The  use  of  lime  fw  fi/"i-iar,  wbieh  has  already  been  mentioned  seva 
times,  depends  on  the  couvorgQ  change  into  calcium  carhunatc. 
is  a.  mixture  of  liiiio,  sand,  ami  water;  in  using  it,  the  stones  wb 
have   to  (w   cemented   together  are  moiatetied  with  water,  u  laye 
mortar   ift  introduced    betwefu   them,  and    ihe  whole  is  left   to 
indnciice  of  the  at.niosphei'e.     By  means  of  the  carlion  dioxide  wb 
the  lalt«r  contains,  tho  catciunk  hydroxide  ia  slnivly  converted  into  I 
boiiate,  water  being  thereby  set  free  r  C'a(OLl)^  +  COj  =  C»CO,  -t 
The  erysCala  of  carbonate,  which  are  slowly  formed,   unite  with 
another  and  pass  partly  into  the   purcs  of  the  stones,  tho  solubilitj 
the  lime  enabhiig  a  certain,  althimgh  Bmall,  amount  of  it  to  gel  in  th< 
In  tilts  way  the  well-known  finn  temonting  together  is  grmliially  p»^ 
duced,  and   lieeomea  firmer  aa  time  goe-s  on,  since  even   in   very 
mortar  there  is  usually  a  certiiiii  amount  of  hydroxide  ]>resent, 

Tho  fact  that  imter  is  net  free  in  the  hanlenitiK  of  mortar  under 
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15    Q^ner&l. — Magnesium  beam  the   same   reiabion   to   calcium  aa 

■  -  I'l  [lotn^^siuni.  This  relation  finds  fxprcssinn  iinl  nrily 
:  iLj;  uf  tbe  tomhining  weighls,  but  jvUo  in  iLe  similuiities 
klie  ollmr  meiiibera  of  the  group.  This  is  particularly  well  seen  in 
B  fact  tbiit  mapiesiiim  is  cl~  more  fre<|iient  iKCiineiice  thtiu  calcium, 
id  Uixl.  ill  its  properties,  it  ^litTFij-s  fmni  L'nli-iiim  innro  l.hfiii  ilie  latrer 
H*  {diRi  th«i  corresponding  elements  of  higher  combiiiitig  woightt 
inotiiiiii  aiifl  Uiriiim. 

Thiit  nn  eleiaentnrv  me^I  )&  present  ii^  the  nLn^it^itiiini  ^^ult,  sv&a 
l^rdi.il  hty  \)nvy  aa  indubitable  from  the  time  that  the  corre!t{>oni.ling 
tt  w-u  recognised  in  the  case  of  t>otui<sium  and  sodium.  Biuisen, 
WcVvr,  wjfcs  the  first  to  prepare  the  nieMl  itself.  He  olitained  it  by 
leeWtr^ilvsis  of  the  fused  <:hloride. 

'  The  t'k'C  truly  sis  ci»n  be  performed  in  llie  lecture  hy  employ- 
■g  fiMcii   oAriialJitc  &&  el^:■l^tl'o!yti^  nmi  using  the       _  , 

ippftrktUB.  rcpreseiilod  in  Fig.  1 14.  The  partition 
ad  Htv  prolrmgiition  of  the  erucihie  nro  of 
ihtttM  mill-hoiinl,  the  cathode  is  a  piece  of 
fa  winv  nnd  tUv  anode  a  thin  art-carbon.  The 
ltrm;elh  nt  the  current  is  about  S-IO  amperes. 

Mai^iBBiuin  ia  now  maimfiiclurwl  in  very 
■rgc  amount  by  electrolysis,  and  is  used  f«n- 
Mhiiiig  pi]rpoBi>8.  It  ia  a  white.,  rather  tongh 
UL  which  keeps  fairly  well  in  the  air:  it  is 
wly  Attacked  hy  cold  wal«r,  hni  in  Uiilin^ 
ten  it    slowly    evolves    hydrofren.      In    dilute 

dB  it  rery  mpidly  dissolves,  with  energetic  evolution  of  hydrogen. 
>nelK  at  about  '.'>')'',  unci  vuhitili^i^s  iit  a  bright  white-beuL 
.Heated  in   thu  air,   m.a^it<eium   burns  with  »   vury  Itriyht,  while 
wfatrb   ix    Inrgely   made   una  of.      For  example^   instantaneous 
iiphB    can    be    easily    uken    by    magnesium    light.      For    this 
KMK    magnctsium   iB   ueed    in    powder   form,   and   is   either   blown 
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carboiijite  which  is  fnrmed  hiis,  hy  reasim  nf  its  sljglit  solubiliti 
actiun  on  free  iiKlinc,  wljereaa  iMttiiusium  carVionate  would  pai'tl]'  twm 
free  iotltiie  into  iodide  and  iodat«,  i.e.  would  to  &  c&rtAin  (extent 
the  fonuaUou  of  fret:  iodine. 

5113.   Calcium  Fllloride.^-Uiililie  the  othi?r  hnlogpii  coiijf 
of  calciiini,  i:"lduiii  Jhtmiih;  CiiF„  is  very  difficuLlIy  solublir  ill 
The  salt  furiiiB  a  ivitlely  distributed   Diitieral  which  ia  known  hy\ 
•oAUivnii  phT-spir  ;  it  crystjdliaea  in  cuht^  uiiil   in  other  forme  (i ; 
regular  system,  is  coloiirlaas  and  triinsimreiit  in   the  pmre  aial«.f 
omug   to  the  presDiict;  of  impuriti«B,  is  geiiandly  colouj'od  in  ii 
bright  tints. 

Tht!  name  Huor-spar  is  deiived  from  its  application  in  tijeliillur 
work  for  rendering  tha  slags  which  are  theru  formed,  reatlity  fu 
This  Action  depends  on  the  ]t;«neral  fiict  th)i.t  the  freezini;  jKiinI 
liLHiid  is  depressed  by  the  aubitioTi  in  it  of  foreign  substances  :  it 
<tortrse,  of  no  imj>nptii.nee  for  this  action  whether  th-e  fi-eezin^  [win 
at  0  '  or  HI   1000' .     Tbo  element  fluorine,  oJso,  bus  received  its 
ou  account  of  its  preparation  from  fluor-spjir. 

*   Another  nama  which  is  coniiectod  ■w'itli  this  is ^/^uorcv^-jifi-,  wll 
is  UB<id  to  d>e£Jgn:it«   the  pro|)erty  p-ossossed  by  certain  Biibst 
changing  incident  light  into  light  of  (generally)  greater  wave 
This  property  waa  first  inveatiftated  with  some  degi'oe  of  thoroUj;ii 
in  (he  case  of  certain  kinds  of   Hnor-spar,  liut  the  property  is  n 
frefjiient  one,  »nd  is  more  strongly  developed  in  some  other  subet 
than  fiLor-s|jiir. 

Fluor-sjMir  is  the  most  impoi-taut  starting  subBtADL>c  for  ol.ibiil 
hydrofluoric  iicid  and   the  other   fluorine  comiKtunds.       Even  iit 
present  time  lar^tt  <[Uiintitit«  of  it  are  used  dii*ct!y  for  the  jmrpcMI 
etching  g1a!>s  ;  tho  salt  is  mixed  with  eonreiitriit^d  sulpbiu'ic  scid,  i 
the  n.]'ticlea  to  be  etched  are  exposed  lo  tho  action  of  thv  VJ>{WiinJ 
hydrofluoric  iwid  whfeli  mrc  cvulved. 

504.  Calcium   Nitrate,  (.'ii(NO,,)„   ia  being  unceasingly   fa 
through  the  activity  of  tht'  nitrifying  bacteria  (p.  467)  in  the  soil,  i 
calcium  is  the  most  widely  distribiilod   of  the  s:dt-formiing  ele 
which  have  here  to  be  taken   into  accotmt.     In   localities  wlipre 
formation  of  nitrate  is  idmnduiLt,  such  as  in  the  neighbourhood  of  i 
housoe,   the   nuhjdroua   sidt   sometimes    crystallises    out    during 
weather   on   the  btone   widla  in   the  form  of  thin  needles  which 
lilmo^t  the  appearance  of  mould.     As  a  rule,  no  great  accumiiUtia 
the  salt  occurs  in  the  soil,  since  the  uitiiites  formed  are  at  oiioe 
up  Ity  plants. 

'I'hu  |iure  salt  is  very  soluble  in  wnlop,  and,  at  milium   lnm| 
turcB,  crystidlisea  with  4H20.     It,  also,  is  capable  oi  forming  a 
largo  numl.icr  of  dillerent  hydiftlcs. 

50.''.  Calcium  Sulphate,  CuSO,,  U  dilficnltly  soluhle  in  WAt«r;  U' 
occurs  very  widely  dislribuLed  in  nature,  and,  after  calcium 


CALCIUM 


529 


,08t  abundant  salt  of  cjilciiarn.     It  occurs  in  two  forma.      Il 

liflt  frequenlty  as  gi/ptiitin,  in  raoiiocHnic,  snjiucliines  very  large 

.iiapareiit  urystiik  with  two  mol<va  of  water  of  eryatitllisation  ; 

more   nii'L'^ly  iia  unkydrite,  in  aiihyiiroua,  rlioniliie  cryaUila.     The 

ility  (if  tlifsc  two  foru>a  is  different,  gyp&uni  being  more  difficultly 

e  thiiii  aiiliydnte.      In  the  presence  af  watw,  therefore,  the  lutter 

6   less  sLdilu   Uirm  and  changaa  into  gypaum  :  id  thia  vti&t,  iilso, 

iseiice  nf  a  "  iniclmis"  of  the  more  sttible  fomi  h&A  an  eesentia] 

ice  oti  the  process. 

'he  suUibility  of  {^y|)sum  iimounts  ti/  Jtlioiit  i  gni.  per  litre  ;  aa  the 

aeiature  riseia,  ibe  solubility  first  iiici'C!.'LS>eH,  rciaehe&  a   maxiiuiun  at 

and  then  deCrc-ases.      Un  beiii^  heatud  to  120^  gypsum  ttisee  fthe 

B  watar  of  orysudlisation,'  fiiid  tlie  transparentcrystals  iire  thereby 

<rtc(i  irLlLMi  ^'hiilk-whitv  powder,  which  Ima  a  launifold  application 

M  the  iiiirne  of  jfl'i-stcr  of  Paiif,.      This  depends  on  the  fact  that  the 

dftr  afjiiiiL  tiikes  Hp  its  wnttr  of  ^iryetalliisalion  in  coiitatt  with  Water  ; 

ong  needles  of  iho  crystiilJist^l  gypsum  jire  thereby  again  toniied, 

Ittheae,  intcrgrowiti^  with  one  another,  form  a  com  pact  111888,     This 

Krial  is  miwie  use  of  for  moulding  object«  for  uau  and  works  of  art, 

plaetcrini;  walU,  for  bandages  in  Biir^'tiry,  eti:.     Thw   hardening  of 

wcv  of  Paris  which  hits  liBon  akked  *vitb  water  tiitkes  piace  in  about 

KFter  of  an  hour,  nnd  is  accompanied  by  a  leebla  Imt  approeiabls 

cf  temperature. 

*  Phisl'-i  0/  }'ii.ns  ia  a  eheniienl  compound,  u  lienUlii/i/rule,  3C!a.S0^, 

t  which  can  be  obtiiiried  in  crystals  by  allowing  ordinary  gypsum  to 

d  witli  coiieentrated  ^it^i^^  aeid  and  thuii  ui'ii]iorati ng  iiff  tho  latter. 

"   If  gypaum  is   h«ited   above   300".  it  losed  all  its  water,  and  no 

er  sets  with  walur.      It  is  then  anii  to  be   " ilmtf  burnl."     In  thia 

litiou  it  is  proliably  the  airae  ;w  the  natural  anhydi'ite,  which  alao 

I  not  combiriB  with  water  iriiiie;isurable  time.     If,  however,  gypgum 

6hyd  rated  at  a  low  tempera  Lure  over  sulphuric  acid,  it  can  part  with 

it«   water   of   eryetallisa-tion   wnthout   losing   its  power  of  iietting. 

I  peculiar  difrere.nce  in  behimour  )&  probably  due  to  th&  presence, 

ypaniu  ilehydratird  at  low  teuipevaturea,  of  "  nuclei, "  or  traces  of 

kcnm |io3ed  hydralo,  which  in  the  cjwe  of  deiid  bnrnt  gypsum  have 

B  deatnjyexl  by  the  high  tejnperatare  €mploy*il. 

I*  The  ftiilowirig  experiment  illustrates  this  %-iGw.      If  effloresced 

kiber's  salt,  in  which  "nuclei"  are  still  present  (p.  493),  is  mixed 

b  fl  littlu  water,  the  mixture  at  once  hardens  to  a  solid  maas  of 

fiber's  salt ;  hut  if  tlie  powder  is  previously  heated,  bo  that  the 

lei  are  destroyed,    and    is   thun   nii.xed   with  water,   avoiding   the 

Kxluction  of  uUL-lei  from  witiioui,  no  solid ilication  occura,  hut  a  paflt" 

jrmed  eonsistiiig  of  a  aatuiiited  solution  of  the  anhydrous  salt  (J 

Il  undissolved  substuneo. 

I 

I  Tba  vBjiciur  pivuure  of  the  witer  of  LYyBtKllisKtion  mnouniU  lu  hub  «ti<< 

.  but  llio  Umpvrature  muBt  >«  n.\a&i  to  IJO'  to  obuio  ■  raind  iiccumpai^i 
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by  henting  without  undergoing  decomposition,  for  it  lo&es  hr 
chloride,  Jiiid  magnesium  oxide  or  Ji  liJisit:  (iljioride  ia  fctmied  :  Alj 
HoO  =  MgO  +  2HC1.     Tills  riMittion  is  nuiJie  ust?  of  on   tho  Urge 
for  obtaining  hydrochloric  atid  ;  in  receai  times  tliis  ha.s  )ii-i:i}in| 
great'er  importance  from   the   fuct  thtit   the   foinivrty  very  ubu 
source  of  hydrochlorit;  acid  constituted  by  tLf  Lu  BUnc  mothd 
mwiilfacturing  si^ja  is  Wgiittiing  K»  fail.     For  this  reu^on  tnagne 
used  evtin  iu  those  alkali  works  which   nae   the  amuii>iii;i  jirocrMi 
the  decomposition  of  the  iiinmojiium  chloride  which  is  formed  (ii.  S( 
heciiUHe  niiii5ni.'Biuni  chlmndc  can  be  niiicli  mors  easily  decomf 
Bt«aia  than  eiilciuni  i;l||oridc. 

Magiieaiiim  chloride  forms  double  salt-s  wilh  jroiassrum  or  ami 
chloride,  of  which  that  with  potaaaium  chloride,  MgCl^.  KCi.  6l 
called  airmttlitf,  is  the  moat  irniwjrtant  naturally  occurring  |KrtJ 
salt.      It  i^  found  in  largo  qnautitieii  at  SUiiiiifiu't  and  iti  othi^r 
Middle  njid  North  (.Itrmany,  nnd  is  Ht-parated  into  its  coniponenuj 
epysudiisatian  in  the  lieat-     The  ralhor  complicated  ^quiltbniiin 
tions  which  exist  in  suth  aohitions,  show  that  in  geueral   il  is 
expedient  to  work  at  high  tpmperatures.     For  exampio,  if  c&rnallilj 
heated  wttliout  the  addition  of  water,  it  liituefiea  at  I76\  and  de 
the  gi'^'at-Gr  part  ojf  the  putaB&ium  chloride  in  the:  solid  bXmm  ;  on  < 
down,  aSniost  all  the  rest  of  the  potAssium  chloride  erysta.!liwii 
carnallilfl,  and  ihe  niu^nCBiutm  chloride  remains  in  the  mother  lif^uo 

The  greater  part  of  the  magnesium  chloride  produced  in  the 
facturc  of  the  potush  suit  finds  no  application  al  present,  but  is  tn 
into  the  river  channels.     It  ia  to  he  desired  that  soniu  techs 
praetiwible   means,  may  bu  discovered   to   put   an    and   u>  this, 
various  pfiiiits  of  view,  detnraental  waste. 

^  I  ^l  Magnesium  Sulpkate,  MgSO,,  is  a  substaiiei'  well  kno 
uTidor  the  OEime  of  i'/wfiw  »illii ;   it  hfta  a  bittier  tiisCo,  due  to  inngtH 
It  usually  cryatalliaea  in  rhombic  CTysUila  with  TH„0.     It  can, 
ever,   occur  in  a  number  of   other  forma  containing  from   1^H,0| 
iHjO,  according  to  the  tempemture,     Mono-hyd raicd  ma^t»iiim 
phnto  occtu^s  in  the  Stassfiu't  salts  as  hirsute.      Diaaolvcd  mitgnis 
sulphate  is  a  constituejit  of  many  mineral  watei's.'  to  which  it  inij 
a  bitter  taste,  and  which  are  known  aa  magiieaia  ^v-atere.     The  lut 
of  Epsom  salts  iu  the  intestine  is  quite  similar  to  that  of  Olauberii 
but  a  apecifio  action  is  nl^o  excited. 

Magnesium  sulphata  unitize  with  potassium  or  ammoMJum  ^iilfilulf 
to  form  double  mIi^j  of  th-e  formula  MgSO, .  K,jSOj .  6H.p.  The  po* 
sinm  c-ompouud  baa  the  mineralogical  name  srlioenUr,  and  is  useuMij 
potaah  manure. 

520.   By  double  salt  there  is  understood  a  crystalline  co(iijiou»l 
of  aeveral   noiraal   iiaits  with  one  anotiicr.     This   coiubination  fn*j 

^  Th«  liMue  llpnni  salla  i»  derived  froiu  the  ucGummce  of  thi»  lUUt  io  tbi  i 
water"  jit  G|>bi>iu. — Tr. 
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in  eho  eolid  stnte.  for  tlic  ai|i)enus  snhitionE  of  these 

Itb   cxliibiN  i^xitL'tlv  the  t?;ime  rt-iictiori.s  iis  l»el<Nig  to  the  ions 

sin^zle  bnIi^,  ueuI  ho  i-eiiL'tions  whii'li  could  belong  ti»  any  new 

Kto  clct«miiiiutimi  of  tbf  iiiukr  WL-i^ht*  of  thiusc  fM[ueous  aolu- 
y,  show^  ttinL  lit)  voiuiiitiutiuii  )>i-lw<ftMi  tliti  Ritiglv  salt^  uxials 
tr«?i;inb]e  cxleiit ;  (or  the  flrprrsaion  nf  the  fix't'Biiig  jWiit,  for 
pi**,   t*  p'pml  fo  ihii  sum  of  ihv  di'iu'cssimis  whii'L  aio  (ytiiaod  by 
ii^di'i'  ihc  siiniu  CMiitiit.iuiie. 

'II  tht'  fii'sl  iiiritari(rt-  for  dilute  aoliitions.  In  eonceu- 
d  aoltitiuiiA  leiUin  }>lieiiuiiifnii  |juirit  ^  cunibinntion  existing  in 
1  to  M  cermin.  ^Ithoiigis  not  laigu,  tixteiit. 

U  a  ritir,  diiublu  i^ilts  aiv  U'l^i^  gulultle  in  wal^er  thuii  Uk*  cum- 
nt*.  li  lilt!  ili lI'tTL'mc  is  gieat,  lliesp  duiiblL'  sjiltit  rwidily  crvslal- 
fiuluttoris  ill  wliicb  tlie  conip'iiteiits  »ru  bruii^ht  tirgi'ther.  If, 
solubilities  lire  of  the  ^iinu  'irdor.  it  d«'|i<'nik  on  the  leui- 
tbi-  rtlutive  amoujit<~  wb«:'lhvr  cryatjib  of  tht:  duolilc  salt 
ODO  of  ihe  components  am  obtaiiied  uti  ctin<:i-9itr»iioii.  Ii)  ^ome 
■  dcmble  Mile  can  be  obtained  only  from  Bolutionu  which  contain  a 
b  •occeoi  of  one  of  the  com [wn puts.  Thix  hold^,  for  example,  ftir 
kiyBUtllliSHCioi)  of  caninllitc,  which  t&  formed  oaly  from  eolutioiis 
pining  A  hu^e  exce&s  of  ntHgiie^iiim  cblundu. 

IkiuKIti  Bulls  are  genoi-ally  so  condtilut^'d  that  iha  siii^li^  ^lu  have 
^on.  either  the  cation  or  the  anion,  in  common.  DoubU'  $u1tH  uilb 
knt  c»tion8  and  anions  do  indeed  occur,  but  thC'V  lU'e  more  seldom. 
,*)i  this  nature  Lb  kainite,  KCI .  MgSO, .  3H„0,  which  occurs 


trrmph'T  stiUs  must  lie  distinguished  from  the  doiiblle  salts. 
JB  the  ritiiibk'  wilte,  they  can  lie  formwi  by  lb<?  luiion  nf  Iwo  simple 
k  but  their  reactions  in  sohition  iHHvr  frimi  those  of  ihe  Utter, 
A  *bow3  tbut  new  siibst^ncce  ^ions)  urt  formed.  Further  iiifor- 
Miti  fiM\(VTi\\a^  this  interesting  class  of  compouiid.s  will  b«?  given 
r.  when  w«  oome  to  lii-stiilH!  some  eoni|ilex  (iahs  [r.  L'biiii.  XXVII,). 
:  kUudi  ^od  alkaline  >e4Lrth  metals  do  not  fotin  uriy  compileji  i'jition& 

ui/jittTj'li'^u   mutuTfs,   also,    musl  bo   distinguished   from    tht> 

aall&     Thpy  nriae  by  the  iTyst«]liaalion  of  isomurphoiia  aall« 

»  common    solution  ;    thus,    for   example,   a   mixwl   snlmion   of 

Kiid  poULssiiim  sulphat&s,  or  of  sodiimi  sulpbatt^  'iml  t^LKlium 

dcputiits  i-'rystuJs  wlioat-  eonipoyitron  also  iipfioiti's  as  the  sum  of 

cunipint'iila.  Thi'Bc  mixtuies  dill'er  from  tho  (hiuble  silts  m 
__^  that  ihfir  comjKjnenls  are  noi,  or  are  only  .nrctilcnliiSly,  prDBcnt 
IWdiiniag  jiropurtion.a,  nud  in  tli'-  fact  thiil  lf"'ir  cifinf'vHitiun  ruiitf 
lUmtmuty  villi  llie  'Witjtiisiti'm  nf  Ih*  miluih'n  jrom  which  they  ai"e 
ifxMUd.  Their  composiLion,  therefore,  cannot  be  rcprpsentod  by  an 
diouy  cheiuicjil  fortnuBa,  but  only  by  one  vilh  JTidctinite  or  con- 
J'Wi»lj'  vikryiiig  coeflititnLa.  They  itre  Utiunlly  written  in  the  form 
i8b)*S0^  and  Na.(S,Se)Oj.  lOlLU,  the  elements  which  replacu  one 
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another  in  indefinite  pruport-ions  being  placwl  in  bmcketA  and  sef 
hy  a  tummn. 

Tlie  iliinlile  *ihs,  however,  aro  always  cmiipour nl.nl  in  ciinihii 
pi''>[)orLioiis,  und  cjih,  thcrefoiT,  l>e  represeniod  by  a  chemical  fo 
with  cleliiiite,  inlfgnil  coeflicieiitB. 

sii.  Maffnesium  Cartionate,  M^cu,,  is  a  salt  vei-y  diffic 

soliililc  in  w;(tLT,  whifli  uccurs  in  ruilni'P  in  liir<;e  masses.     As  <i  niint 
it  is  c;ilk'<i  iiuif/iti/^itt,  jiiid  n^rystalliBcs  in  i-hombuhtKli-A  which  are  U 
pilous  with  ihi.isu  of  (.'ak'-3imr. 

WhwL  !ii]UL'nnis  sohitioiis  (.■ontiiiuiiig  magnesion  and  cJirtianion 
mixed,  a.  white,  gektinoiis  prccipiute  la  deposited,  find  tin-hon  Hinj 
ia  evoh-ad  at  the  same  time.     This  prt^cipitjite  is  not  pure  ningne 
CfirliortittL',  jjut  a  varying  mixture  of  CtirlH>iiiitic  and  hydroxidi'- 
higher  iht-  tcinpt'-rnturt;  wnd  thii  j^eitter  iho  dihiLiou,  ibe  ^nini^r  ul 
ninoimt  of  liytlmMidf  iiiid  thii  1«>bs  thm  ni  thv  rarhmiiite  runtatnrdi 
thu  prtcipitiitc,      Wnyhad  with  wntor  uiid  di'ied  at  a  low  teiiipvi-Hl 
ihia  hitaic  mu^imsium  carbonate  is  plnceil  uii  the  market  in  (ho  (or 
a  li;^ht  and  )iK>£e  }K)wtlf.r,  uihI  \s  used  in  medicine  as  a  mild  a\ksAi 
lA  CJilled  fiuiifiitrsia  ulha. 

"   Thu  cause  of  this  reai'tion   is  found  in  the  iu/ilriili/ii.<  which 
carbonates  undergo,  and  in  the  small  aoluhility  of  ma^ims.iuni  hydrox 
In  the  iiipmoiifi  solutions  of  calcium  earlxinate,  also,  hyd ri>h''ii8  ticc 
and  the  ions  H(.'<  t.^'  and  l)H'  arc  formed  from  carWiiion,  <-'0,", 
the  action  of  the  water.     Since,  however,  calcium  hydroxide  is  md 
niorti  soluble  than   iIlq  carbonate.,  the  solnhility  prodncc  of  tla-  fori 
is  never  reached,  in  spite  of  the  presence  of  hydroxy!  ;  and  allliu 
the  sijlwlion  reacts  alkaline,  it  dflposita  no  bydruxiiie.      In  the 
way.   when  the   ions  Ca",   CO.,",   HCOjj',  and  OH'  come  together, 
happens  in  tha  prt^cipltation  oi  a  calcium  i«alt  with  a  soluble  carlmn 
the  soluiiility  product  of  the  calcium  carbonate  is  mueh  sooner  nawl 
than  thai  of  Ihe  hydroxide  ;  the  precipitate,  tberefoi-a,  in  spite  of ' 
hydrolysis  which  occurs,  consists  of  normal  carbonate.      On  the  oi! 
hand,  in  the  vaaft  of  magnesium,  the  eoliiliility  pl-oduct  of  (Lc  hydrod^ 
is,  under  such  conditions,  reached  about  the  same  time  as  that  nf  I 
carbonate. 

The  normal  larlxinate  can  be  prepared  from  the  basic  salt  hy 
pendintc  tljy  lattor  in  watur  and  passing  in  cArlwn  dioxido. 
Borae    time    crysudline    crusts   of   the    hydrate,    MgCOj,*3HoO, 
formed.     Or  being  treated  with  mueli  irater,  espe<ially  in  the  tit 
it  again  pisses  inln  iKn  basic  hydrate. 

MagnBBiniii  carbonate  foriD!^  various  double  salts  with  lh«  alli 
carbonates.  One  of  these,  MgCO.j.  KHCO,.  4H„0,  is  dc|n'sii«l  wb 
earl>on  ilioKide,  under  pressure,  ii>  pasi^ed  into  a  solution  of  pivU-'siu 
chloride  containing  magnesium  ciirhonate  in  susjHsnsion;  magneaiH 
chloride  is  foruiod  at  the  same  timu  and  remains  in  solutiwi. 
this  double  sidt  i^  treated  with   ^team   under  presaurei,  il  dowmix 
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d,  except  olinne,  contain  more  silicon  dioxide  than  corresponds  to 
m  compoBition  of  an  orthosilicate.  They  are  distinguished  by  lieing 
a  peculiarly  soft  and  easily  worked  nature,  accompanied  by  a  great 
Mstance  to  high  temperature,  and  on  this  depend  their  applications. 
key  are  mostly  fairly  readily  decomposed  by  sulphuric  aciil. 

525.  Ka^esinm  Nitride. — Magnesium  nitride,  Mg-jX^,  is  ol>- 
lined  as  a  yellowish,  porous  mass  by  heating  metallic  magnesium 
•  incandescence  in  nitrogen  or  ammonia  gas.  It  is  decomposed 
ith  enei^y  by  water,  with  formation  of  ammonia  and  mair- 
Htum  hydroxide :  Mg^N^  +  eHgO  =  3Mg(OH)2  +  2XH3.  In  this  way 
■inonia  can  be  obtained  from  free  nitrogen  (p.  351);  for  practical 
iTposes,  however,  the  method  is  still  too  expensive. 
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526.   Geue-ral. — Allied  tu  ailcium  are  two  raotaid  nf  IiighereonAu 
weiyiit  H-tii<.'liiire  very  fiimiliir  tfj  calciuin  in  nuiny  rcspwt*,  ami  wl 
t>eiii'  lhi5  aiime  rolation  lo  it.  as  riiliidiuiu  and  cipsiiim  tlu  m   [mt**  ' 
Tliij  relation   Knds  cxpressiun  not  only  in  Biiuilar  clifFfii'iicca  o( 
comliiiiing  weights,  but  also  in  isomorphiam,  in   iLe   relative 
of  otcurrciKu  on  tlie  earth's  aiirfii.ce,  and  in  raanv  other  respects. 
general  auuiiriiiiy  of  thes^   points  of  iigrecmeiil  will   Iw   gi\-eii  nl 
end  of  tlio  book. 

These  two  motala  are  ealled  Strfmliwn  and  Barium.  They 
ia  true,  much  niror  than  calfiuui,  hut  tiiiiiiut  lie  desipiated  u. 
«]on)Qiittt  in  the  mmv  aenso  as  rubidium  wud  eiesiam  cai\.  On ' 
coritmry,  thoy  are  of  sufficiently  frequent  occurrence  to  allovr  of 
lieing  chiiracterifted  ns  elemeiitK  as  early  as  the  eighteenth  i.'Ciitl 
^atroiitium  iti  1793  liy  Hope,  barium  in  1774  by  Scbeele),  andj 
their  cuiii]iou]ids  bein^  apphed  for  vanous  pui'iTOsos. 

h^l.  Strontium   U\a  the  ^onibinin^  weight  87'6,   and   nccu 
nature  ehiufly  as   s<djiliate  Jijid  curhimaU,      Metsllie   slr-nntiuni   cuii' 
faiily  rcatlily  obtained  by  tlio  olectrolyeis  of  the  fuaed  vbluride ;  'A\ 
also  bo   obtained  by   pt'epariiig  strontium  amalgam  by  llie   actic 
sodium  amulgtim  on  a  coiicentrntcd  sohitioii  of  strontium  chlonMo.  i 
distilliug  off  tbt!  raprciiry.     It  is  a.  ytUowiah,  ralbw  loii^h  metal 
energetically  rOai,'ts  with  w«t«r  even  at  I'oom  teiii|>ertttnre. 

Stmutiuni    forms   otdy   the   liimlritt   ivn   Sr",  whmse   soluiiona 
Colonrk'Sfl,  and  whoso  hciit  i>f  fomidtirtii  is  601  kj, 

526.  Strontium  Oxide,  fi\ii,is  ublaiuyd  by  heating  the  call 
or,  more  easily,  the  nitrat*;.  The  dissociation  of  strontium  carl 
takes  place  with  mneh  greater  diflieulty  than  in  the  tase  of  c« 
carbonat^^,  i.e.  at  lht<  Bum«  t.amjioraturG  ita  djsaoeiation  pres«iw 
cousiiliiTably  smaller  (p.  5^1).  Stroutiiun  oxide  iiniLcs  with  wnurl 
form  ihwdiiiiii  hijihvj^uJf-  with  ffr^\.l  evolution  of  bout.  The 
eaii  also  ]>e  nhuiino^l  direebly  from  the  carbonate  by  buating  this  ^ 
curr'eiit  oi  fiteum  ;  the   derom position   then  oecupa  mor«  tsp" 
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.thodt  this  fti(i.  This  ia  due,  on  the  oiii^  hand,  to  the  fact  thnt  tht? 
tai  jiressiire  of  the  carbon  dioxiile  ia  -tlijuinishcd  hy  the  stcwm 
622),  ami,  on  thf.  other  band,  to  the  fiict  that  in  place  of  the  oxide 
re  is  formed  Ihc  hydroxide,  which  stands  on  n  lower  level. 
529.  Strontium  Hydroxide  is  more  rtwiily  eohible  in  water 
a  cold  urn  hydroxide.  Fi-nm  the  hot  siitiirati.'il  soUition  there  are 
KMttad,  on  cooling,  hydniteil  eiyatais  of  ihw  conipositii>ri  Sr(OH), - 
BjO,  Tlie  sohition  exhibits  the  properties  of  a  slrrnif;  lose,  and  the 
nermiiiatiim  of  the  electi-iwd  conductivity  show*  thai  there  ia  a.  large 
t^nx  of  dissociation  into  tlie  ions  Sr"   and  20H'. 

O.   Strontium  Carbonate  occurs  a^  a  mineral  nnder  the   nanio 
MiVf.     This  crystjilliacs  in  fomtB   of  the  rhnnihic  syatera,  which 
uomorphous  with  thuse  of  arji^ntiita  (p.  520) ;  n  fomi  coiTcspoiid- 
U>  calc-spstr   is  not   knowni.     When  the   imis  Sr"  iind  CO.,"  cimi-e 
mr  in   af|U('nn8   Bolniion,  stroniinni  carboimte  is   ilejioeitefl  us  a 
very  ditSctilLl}'  s<:ilu1>lc  precipitate,  which  soon  pajssca  into  the 
'Bptalliiie  stale. 

ijtrotitianite  \b  tued  lis  the  initiiil  substance  in  tbe  preparation  of 

Btronliiim  cam|M:)iind8,     Other  sails  CMn  be  readily  obtained  from 

M  lh«  cariboTiic  itcid  Can  be  oxpulled  bj  almost  a^U  acid?.      In  oi'der 

eoiivert  strontianite  into  alrontinm   hydroxide  i(un  operatinn  which 

9f  importance  on  account  of  the   i|ae  of  the   Utter   in  the  eiigar 

rj'),  it   can   be    heated    in    steam.     It    is    also    convcrLeil    into 

itium  oxide  when  heHte<l  with  charconl :  SrCO^  +  C  =  SrO  +  2C0. 

reaction    is    facilitated    by    water    vapour :    SrCOj,  +  C  +  H.O  = 

)j  +  SCO  (fiJe  mi-r^), 

■41.   Strontium  Sulphate,  SrSn^,  ia  a  white  salt  which  i&  very 

l[y  Bohibk-  in  watvr ;  it   ocenra   naturally  as   viedine  (so-called 

it«    freqiK'ittly    being    of   a    blue   colour,    due   to    impurities). 

Tbe  mineml   (^rytitallisi^s  in  rhombic  forma,  and  is  isomoi'phoiis  with 

anhjiliile.       From  aqueous  solution  it  is  obtained    as  a   white    pre- 

I  npriatc   when   the  ions  Sr"  and  SO,"  ome   together.      Its  solubility 

pUcea  it  at  thi<  limit  of  what  cian  be  uaed  in  analysis  ;  when  ncee^ary, 

tlieref'jre,  the  8olul>ility  is  reduced  by  the  arlditioii  of  alcohol. 

Ia  ordi?r  to  convert  strontium  .'^ulphatc  into  other  salts,  it  i& 
redncwi  to  strontium  sulphide  with  ehareoid:  SrSO,  +  4C  =  SrS - 
^CO;  this  cain  l>e  easily  decomposed  with  acltb.  To  prepare  the 
V'iroxide  from  it,  the  sulphide  is  hejitnd  in  a  current  of  steam  : 
**S  ^  2il/)  =  SKOH).,  -  H._,S.  By  systematic  crystal li(«ation  from 
Ji^iieous  eohition.  nlso,  the  sulphide  can  be  decomposed,  as  in  the  case 
i^ralciuin  <p.  -"i.TO),  int*i  hydroxide,  which  crystailisea  out,  and  hydro- 
wljAidc  which  r«iuaiiiH  in  solution;  by  boiling  the  solution  sulphur- 
MUd  liydrogen  can  he  expelled  and  the  sCjKtratioii  can  thus  be 
*oi«inawl. 

S32.  Btrontittm  Nitrate,  Sr(NOj)j,  cryetallisea  anhydroUB,  an<l 
■  Radily  soluble  in  water  ;  it  is  used  in  pjTotechnics  for  making  ml 
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fire.     For  iLis  jjiirpose   it   ia   mixed   with   poiHSsium   chlorate  sod 
combustible  Kiiltslaiice,  sulphur  or  charcoal.      Strontium  has  the 
perty  of  imparting  a  reil  coloui"  to   Hami's,  and   by  this  means  ill 
lio  ru.idily  detected,  as  the  coloration  jlIsq  appeara  in  the  non-liimin 
gUB  flaiue.     The  spectroscopic  dccompoBition  of  this  daaziiii^  h'yhl  al 
it  to  Iw  fairiy  tmnplex  ;  a  Bliaqi  blue  line  ia  the  raoBt  chanwtcrislie.'j 

53.'!.  Barium,   B.%   has   the  combining  weight    137-+,  and 
imMirally  as  aiilphate  and  carbotiatc. 

M'-li>llii-  htiriuin  is  uf  fi  whit-e  n;uloiir,  nielta  at  a  red  heat,  and 
more  energeti cully  with  water  than  Ett'ontium  or  caleiiitii.      Vt'e 
here,  therefore,  a  repetition  of  the  aime  state  of  affairs  aa  in  thcj 
of  alkali  motals,  viz.  the  action  with   oxygen  and  oxygen   com] 
is  more  emTgetiu  the  higher  the  combining  weight  of  the  inotal. 

Jletallie  baiium  is  prepared    by  the  esime    melhcKia   iis  were  g^ 
for  atroatium.     It  hns  aa  yet  not  found  any  iippliciition  whiitevor. 

Barium  forms  only  the  divjilent   ion   lin',  which  is  colmirle** 
liaa  a  puLgonous  action  on  the  org?uitam.      It  chu  be   readily  dul 
Ijy  means  of   the   excoedingly   difficultly  soliible  predpitato  wl 
yields  with  sulpbinion,  HO^". 

534.  Ba.rium  Oxide,  BaO,  is  obtained  moat  roadily  as  a 
heavy,  crystnllino  mass,  by  the  decompusitiiHi  of  the  niti-.ttc  by 
nitrogen  peroxide  and  oxygen  being  evoh'ed  and  barium  oxide  reK 
ing   behind:    2Ba(N0,,}£=  2EaO  h  *N0„  ^  0..      The  temperate 
which  barituii  carbonate  loses  its  carbon  dioxide  is  so  iiigh  that 
not  suitjible  for  the  preparation  of  the  oxid'e. 

The  oxide  imites  with  water,  with  the  evohition  of  much  he 
form  Ixtriuiii  hfjArande  or  ^lutijia,  Ba(OH)„.     This  \6  still  more 
soluble   in   water   than   stroiiliiim    hydrovido  and.  like  the    lallc 
tryatflll isi'9  from  its  hot  eatiii'Ated  sfjUitions  in  liirgc  crystals 
SH„0.      A  solution  saturated   at  room  ttimporature   coiiUiins   3'7 
cent  hydroxide ;  it  is  therefore  about  Jlh  normal  (p.  191)  with 
tt)  hydi'oxyl. 

Bai-yta  is  ueed  for  va.Hoiis  purposes.     lt«  dilute  soSiltion  is 
tor  the  volumetri*:  eetinuition  of  aciJa  (p.  \^'i) ;  for  this   purpo«e 
specialty  suitable  from  tha  fact  that  il  att.icks  glass  much   less  tli 
corresponding  solution  of  caustic  potaah  or  smla.  and   because  it 
never  contain  carbonate,  from  the  fact  that  barium  carbomit*  is  si 
difEcultly  soluble  salt,  and  is  therefore  precipitiLted  as  soon  nsitfo 
This  last  circumstance  is  of  importance,  heciiuse  the  presence  of 
bonic  acid  renders,  the   reactions   of  alkalimotric   indic«tiirs  indisl 
and  therefore  impairs  the  esaetiieas  of  the  determination.     To  pr 
the  atmospheric  carbon  <lioxido  changing  the  titre  of   the  solution,' 
bottle   and   burette   used   for  bar^rtsi  are   furnished  with   guard-l 
filled  with  soda  liuie,  and  are  always  kept  connected  with  onciuiort 
as  is  ahowrj  in  Fig.  115.     The  burette  \b  filled  by  sucking  at  the  imi'"' 
rubber  tube  g  and  opening  the  clip  h. 
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irytA  is  also  used  in  (iiialyLici!  clipmistry  in  cases  wKpre  it  is 
IT}*  to  employ  a  strong  Ijhsl',  the  esoess  of  which  tan  be  subse- 
y  readilv  rcmovt'J.  Thus  nmgii'egiiin)  is  septimted  itom  potas- 
wid  Bixiiiun  by  ]p it! [idling  the 
iIm  aJii]  adding  excess  of  luiryta 
Laolution  of  these.  All  thr»> 
■r  Are  tberi^bj'  converted  into 
miei ;  tbnt  of  niagjiei^iiim  i» 
^led,  while  those  uf  tiie  other 
1,  iilong  with  the  excess  ot 
gicnuuitsin  solulioti.  li  carbon 
iJ8  iinir  piissed  into  tho  solu- 
b»rium  is  pweipitated  as 
^And.  afttfr  filti-»Liuu,  tliore 
StW  a  solution  of  the  a)kuli 
nlM.  The  |»reci[iitate  conaiata 
inm  siilphiktc,  barium  Ciirboiuit^, 
DU^mium  hydroxide ;  it  ia 
li  with  dihite  aiilphHric  acid, 
hg  the  mAgiiesinm  h.vdro>;ide 
■nto  snhitinn  ne  sulphiite,  nnd 
Be  Wriiiin  is  converted  into ' 
ite.  The  two  win  be  eiisiiy 
ili^i  liy  liltc'ution. 
it  Di&iiiifurtiiririg   piir]K)gQ5  also, 

I  call  he  similarly  emidoyed.     It  Iiiis  already  hcun  mentioned 
Wislic  puta^Ii  or  I'.HUstii'  sodiL  can  b<?  j>['epar«d  from  the  sulphates 
fuel  of  Uiiyta  {p.  4.S3). 

TF  the  prr']iaratioii  nf  baryta,  biiriuni  &nljthate  is  chJeHy  eiuplovEHl. 
*  reduceil  to  siilpliiJe  by  men-Tis  uf  tharc<ial,  and  converted  into 
ixidu  with  altiam  (cf.  the  corresponding^  proeeasos  in   tlio  case  o( 

E'l.  From  the  solution  of  the  sulphidu,  iilso,  the  suljfhur  can 
d  by  boiling  with  a  niBtjdlic  oxide,  ^.'t.  eopper  oxide :  BaS* 
3  =  Ba(OH)5r  CuS. 
15.  Barium  Sulphate,  UnSO,,  occurs  fairly  widely  drstributeil 
lore  u  the  mint'nil  kcim/  .yj"r  or  kinjte.''.  Both  these  names  are 
uaiun  to  the  great  density  wliich  this  compound,  like  >tll  barium 
Kuwta,  exhit>it»  ;  it  amounts  to  j'5,  while  tha.t  of  most  of  ttte  "aati- 
(ie  minercilft  is  about  25. 

nim  sulphate  cryatallises  in  rhombic  forme,  and  is  Lsomorphous 
uhydrite  aitd  ccle^tine.  It  i^  formerl  in  all  cases  where  the  ions 
od  SO,"  come  together,  «t»d,  Jia  it  is  very  liiflit-nllly  soluble,  it  is 
diAtffly  de[toaited  aa  a  white,  heavy  precipitiite.  The  use  of 
la  iMriuni  -^is,  i.e.  oi  barlori,  for  the  detection  and  determination 
phanioTi.  which  follows  from  the  alKive  reActinn,  has  already  been 
Ltimcs  mentionicd. 
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Since  snliihiiric  iici'J  is  a  strong  ackl,  other  acitis  do  rot   have 
grest  solvQiit  action  on  l.iarinin  sulphate.     Further,  eitici3   Uinuin 
in  no  wily  pjias   into   other   mnre   L'oni[iI<:x  ifnis,   there   is   no   *(■! 
whereby  iMirium  sulphate  can  be  renrlured  soluble   in   atgtieoua  liq 
It  can  be  disaolvecl  only  in  somo  Bubatantea  wtitJi  do  not  hav 
ionising  action,  i-.g.  concentrated  atilphnric  .•leid.     So  soon,  howe\'ei 
the  i(»ri3  »re  c-aiised  tn   bo  fonued   by  ilihitiim  with  water,  the 
sulphiita  19  Jigain  prueipitiited. 

On  uecount  of  this   renistaiice   to   chemicfll  attack,  the   n&: 
occurring  heavy  sjuir,  when  i?iit  in  pbitaa,  is  used  in  the  nmniifafi 
for  lining  uppamtiia  in   which   strong  noiils  are   worked  wi 
artificially  prepared  baj-iuic  aiilphate  is  used  as.  «•  pigment,  uuder 
name  iicrirutiifni  vrhitc.      It  is  prepared  by   diesolviiig    the    nat 
occcirring  barinm  oarlionats  in  hyilrauliUiric  aciil,  )in<l  prenpitalinu; 
clarified  liqnid  with  su!p!iuric  (icid.      Hyilrnohldfic  iicid  is  regcnci 
imd  can  be  used  for  dissolving  further  (|uaiiticie8  of  carbonate. 

In  onler  to  cuuvert  bariiini  eidpliato  into  other  Imnniu  conipo' 
it  is  Tediiced  with  eliarcoal  to  imriiim  sMlpkUU,  which  crin    he 
decoTOpoeed  by  iiuida  vnlh  evolution  of  eulphuretled  hydrogen, 
fusion   with   uxubss   of   alkali   earbonnle   it   is   converted   into  fxt- 
cavhtniftCe ;  the  alkfdi   eidphiit-o   which   is   formed  t'ftn   be  removed 
washing. 

536,  Barium  Carbonate,  IJaCO^  occurs  naturally,  as  uil 

rhomWc  crystals  which  are  isoraorphons  with  aragonite  and  si 
anitc.      It  is   utad  na  a  convenient  starting   inuters&l   for  the 
factiire   of  other   Wrinm   aallB,    for  which   purpose   the   mdtstAU 
d&compoaed   by  iiclds.      Its  conversion   into  oidcle  by  hcttinj;  ia 
prrtcticable.    because    tho   t«tuperatiire    of    measurable    diMgocintion 
too  high,. 

On  bringing   the  ions  Ba"  and  COj'  together,  barium  cJirlKpnal 
obtained  a&  a  whitt;  prcf^ipitnte,  rci^lily  scilubla  in  aJniogL  ail  nciila. 

In  preparative  chemistry,  pnre  bnriura  cnrlmimle  is  very  la. 
naed  for  the  prei>aration  of  the  barium  aidts  of  the  most  v/irieii 
Those  mostly  ciyatalliae  well,  and  can  therefore  he  easily  freoJ  f 
impiiritieis.  Their  most  importinit  property  is,  however,  thiil  ihry  mt 
suited  for  the  preparation  of  tho  free  acid  in  aituenus  solution,  Whim 
they  are  all  deeorajKiaed  by  Knlphuric  neid,  Imriinii  sulphate  being 
Dhereby  precipiuitcd,  and  the  acid  in  question  remaining  free  in  sola* 
tion.     Examples  of  this  have  already  been  given  {^.if.  p.  215). 

r)37.  Barium  Chloride,  iivCU.  ia  obtainerl  by  JissoIviTigwitheriw 
or  barium  sulphide  (from  sulphate  and  charcoal)  in   hydnwhlnrii'afiii; 
on  concentrating  the  soluiiuiis.   barium    chlorido  cryalallii^e-b   out 
lustronB,  heavy  crystals  with  2H,/I,  whii-h  Viecome  anhyflnmR  mil 
II,   fairly   high    temperature.     Unlike    the  t'lloriue   compnunds  fi 
other  metals  of  this  gr-oup,  litirinm  chloride  does  not  tofiij  hydtwchlunc 
acid  on  dehydration,  but  inaiutjiius  Jt.'i  lu-utral  reacLion. 
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K^ritim  chlorjdr^  is  used   in    the    laboratory  us   a   reagent   for   ihe 
lection  anil  eetimiilion  of  !iiil{)IiAiiion. 

538.  Barinm  Nitrate,  B!i(NOj)^  is  a  ajilt  which  iBnotahiindaJillj' 
lubl^  ill  water,  «.iiil  which  is  (Employed  in  analytieal  cliemiatry  in. 
o£  haHitni  chlorific,  when  it  is  not  desired  to  intitx5nce  r-hloridion 
to  the  Boltnioii.  If  frue  nitri-e  iiciil  is  .idrleii  to  u  sjitiinitwl  solittiotLi 
tiw  nlu  «  t'rystiilhtie  precipitJitQ  nl  iHinLun  nitiiite  i»  soon  depoeiUd. 
Iw  fame  occurs  when  nitric  acid  is  added  to  th«  solution  ot  any  other 
cnun  aalU 
Thin  reaction  is  not  espeeially  jieouliar  to  barium  nitrate,  but  Je- 
oil  tho  increjkse  of  tho  nitninion  by  menns  of  nitric  »cid  a*id  the 
Hiding  overstepping  of  tho  solubility  prodnrt  (|i.  -I-IT);  in  iha 
of  hmriitm  nitntte,  however,  ihe  phenomenon  is  spociidly  well 
hecjiuse  ihi-s  salt  stsimla  at  lhL«  limit  oi  those  which  are 
ted  as  soluble  (100  pnrta  of  water  dissolve  jilwuit  0  [Mirts  of 
I  it  18"),  and  its  solubility  product  is  therefcti-e  easily  exceinled. 
Wginner  is  sometimes  deceived  by  this  pretipiiato,  misuking  it 
bui'iim  sulphate;  the  distinctly  crystalline  natiue  and  the  solu- 
in  pure  wat«r,  after  pouring  oft'  th&  niothor  liquor,  are,  however,. 
riBnriil  lo  disiin^iish  them. 

Barium  nilmte  is  used  in  pyrotechnics  for  the  preparation  of  greoii 
re  The  green  flaine-coloration  is  produced  also  in  a  non-liiminoua 
flune,  espoctjilly  when  the  specimen  <!ontainin;^  iMtrinm  is  moistened 
iBli  hydrochloric  aeiiL  On  spectroscopic  cKamination  it  yields  a 
Mr  ciioiplicate^l  spectrum,  which  is  eliaracterified  Ly  si  Bharp  yellow-. 
r»«n  and  a  sharp,  although  less  bright,  greeu-bhie  line,  along  with' 
twiU  bron/i  bands. 

5,19.  Baritun  Peroxide,  Ba<!)^„  is  obtained  us  a  white  iMwdcr  by 
wting  haHiim  *iicide  to  a  temperature  between  450'  and  SfiO'  in  a 
Eunent  of  oiygen.  At  a  higher  temperiiture  it  again  loses  oxygen, 
idH  thr  e(|iiilihriuin  Iwtwecn  the  solid  oxide  and  peroxide  and  the 
pMMs  oxygen,  i.'j  governed  by  exactly  tho  same  laws  as  the  dissocio- 
rion  of  calcium  carbonate  (p.  52]). 

tUrinra  peroxide  it)  inijiortant  aa  being  the  most  convenient  stniting 
nUunce  for  the  pre|«iralion  of  hydrogen  peroxide  (p.  156),  For 
Ail  (niipoite  it  is  treated  with  dilute  acid,  whereby  the  reaction  occurs  : 
B»0, .  :iH  =Ba"  -  iljO.,.  Thy  anion  of  the  acid  forma  the  eorre- 
Ton-'liiig  badiiin  rait,  c.ff"  BiiO^  +  2HCI  =  BnCU  ^  H/J* 

It  wf^mUl  apparently  lio  moat  suitable  to  carry  out  this  reaction 
•Ith  sulphuric  m-id,  liec-ause  the  biuium  sulphate,  being  practically 
unliible.  would  Iw  nleixjsited  and  (rave  a  pure  nolulion  of  hydrogen 
f*>tiHti  'ITiis,  however,  cannot  lie  done,  since  sulphuric  acid  scarcely 
«t«Ji4  the  anhydrouB  barium  peroxide.  The  reaction,  howev«r, 
■tin  with  hydrochloric  acid,  and  the  operation  ja  carried  out 
A  certain  amount  of  hydrochloric  acid  is  saturated  with 
MibxittB.  the  harion  is  jii-ecipitated  with  sulphuric  acid,  and  the  solil-i 
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tioti,.  which  now  contains  hydrfschloHc  ackl,  la  allowo^l  lo  A^-t  <>o 
portions  of  peroxide.     Tlieac;  iiItern;U-e  tiiieiiititms  are  continued  nn 
siifficiaiit  hydrogen  (wroxide  has  nceiimulated   in   the   solution. 
chloridion  \»  then  preciiiibatel  by  the  addition  of  silver  suljihiita, . 
the  sidphiiriion  thorchy  iiitrcxiiiCGd  is  removed  with  liaryta. 

•  Another  iiit'tiitiii  is  to  first  (wld  a  small  qimmity  nf   Uiryia 
to  the  hydrochloric  acid  aohition  nf  pei'tixidi'  in   ordur   to   remuvc 
metullic    oxides    prcaciit   tis   impurities,  .and   thtiji    to  ]»rnfi]filAt« 
filtered  liquid  with  karytti.     Biki'ium  perosidoagiiin  sefviriites out : 
however,  in  fclie  form  of  n  crysUlliiie   hydrate,  ivhicli   can    Iw 
dei'otnposeii  with   sulphuric;    acid.     The    hjdiute    is    freetl    from 
barium  chloride  pi'cseiit  l>y  washing,  and  is  preserved   fur   use  in 
moist   sUilL',  Kinct!   ou  l>t;in^'  dried   it  agidn   becomes  mort!  diffic 
de-ciimposalil*.     The  compofiition  of  the  hydrate  is  BitOj,  SH„0. 

.t40.   Beryllium. — Beryllium  oceupios  the  same    pmilion 
the  alkiUioe  eurth  iu(.itidg  as  lithiam  docs  among  the  ^dkaii  meUls. 
comhimijg    weight  is  the   smallest,   und   ita   simtlmity   to    the 
elements  of   thi!    group   is    leJist.     Its   properties   exhibit    a   tl: 
tendency  tinvanls  the  next  groiip,  that  of  the  earth  nietitls.     The 
hilling  weight  of  In;ryl!fiim  (imoiujla  t^i  S'l. 

Mdiillic  bfiylliiiiii  vnn  he-  prepared  by  electrolysis,  by  tho  redni 
of  the  oxide  with  majjiicsium,  of  the  chloride  with  80<liiini,  and  in 
ways.  It  is  a  white  metal,  which  is  still  more  stable  tu  moist  air 
magnesiiiai,  and  decompoaoa  water  only  slowly  even  when  heat«il. 
is  rejidily  difisolv-ed  by  dilute  aeida,  with  evolution  of  hydrogen, 
passes  thereby  into  the  ionic  state. 

Besides  tho  typical  divalent  ion  I5t;",  beryllium  also  foiTHs  other 
t-ontidninj;  oxygen  ;  these  will  Ijc  distUsstd  Ut?|-.     Of  tlie  motals  hit 
eonsidercd,  it  is  the  first  thjit  is  ciijwible  of  foiiniiig  difl'creut  ioiis. 

Ilirri/llwii,  Be",  ia  colourless  and  isdistingniahed  by  a  consjiicuni 
sweet  taste.  This  fact  procured  for  the  ekmcjii  the  passing  niiiije 
;iluciii.uin  {siiW  occasionally  used  in  France  iLtid  Englnnd);  the  iiniM 
beryliiura  is  derived  from  that  of  its  moat  importnnt  naUirally  ucoir- 
rinj;  eomponnd,  Ik^/^I,  which  ia  a  silicate  containing  aUmiinium. 

Beryllion  forms  various  salts,  of  which  tho  ehloriile,  Be(,"l^„anrl  Hit 
sulphate,  BcSO^,  ara  the  beat  known.  They  are  both  soluble  inwnttf. 
and  the  solutions  react  acid.  This  is  due  to  incipient  hydrulvsia,  sine* 
beryllium  hydroxide  ia  a  weak  base. 

HdyUium  In/dnrxiile,  Be(01"l)j,  is  obtained  as  n  white^  gelnlinow 
precipitate  on  bringing  beryllion  and  hydroxidion  together;  ti  is  no! 
measurably  soluble  iu  water,  and  has  no  basic  reaction.  It  dissnlveBin 
acida,  with  formation  of  beryllium  salts,  and  on  being  hisuC4>d  is  con- 
verted into  a  white  powder  of  beryllium  oxide. 

Beryllium  hydroxide  dissolves  in  enustie  potash  or  caustic  soda. 
Since  these  baacs,  by  reason  of  their  containing  hydroxy],  ehould,  in 
aceordaaca  with  well-known  principles,  diminish  the  Bolubitity  of  bent- 
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roxid*.  this   coiilriul]ctiH>ii  rofmires  t\n   t>x]>lftiiJLtion.     This  is 

)  1)/  the  fact   tlial  the  cnm  poll  ml  BeO^.tl.,  can  split  ntt'  liydrioii 

b«bav«  lilcp  II  very  weak  acid.     AccuNiiiiglv,  iL  gives  the  two  iona 

).'  Olid  BeOj'  (jiial  its   carlionic  acid   gives   tho   ioiia  HCO,'  and 

L"),  oinl  il  is  lhes«  anJ  iLot   Iteryllion,  Bg",  that  are  present  in  the 

ill  i)in;3tirni.     Tlio  wimpouml  ia  also  uiiiained  by  fusing;  beryl- 

roxiiki  with  cjiiistic  eaii;i  ami  disaolviny  the  melt  in  waler, 

•IkiiliiiL-  iulirtiuii  is  fiUoweJ  to  st^incl  a  It.m};  time,  or  if  jt  is 

to  bmliiig,  Ji-lin'.i3t  jilJ   (h*i  beryllium   hyiirosiiJe  is  prtcipiuitad. 

(jnestion  now  arises  wtiy  the  cbemical  equilibrium,  wiiich  hail  pre- 

iy  existed,   ie  now  disturbed,  aiiieu    no   now  substant^u   has  been 

The  answer   ia   to   the  effect   chiit   the  beryllium    hydroxide 

is  {>!'«(.' ipitiili-d   is  a  different,  and   irideiid  a   more  stable  and 

(kolnble,  fiKTii  of  the  hydroxide  than  the  freshly  piocipitalcd  form 

^  IB  Boluhli'  in  alkaUu.      In  othiar  words,  the   newly  pn^pareil  solu- 

16  nuffrt'tlnnUed    with    reapect   to    the   worr   sinhle  f'rw    of    the 

iiwic,  and  therefore  cannot  continue  tn  exist  "wlien  the  latter  form 

IrcMnt.     Since   this   form  \»   nut  jireaent  in   \\\t   n«wly  prcjKtr^ 

jliol^  the  iirecipitation  can  comraeiico   only  nft«r  the  firet  ti-acea  of 

»ve  bt-en  (orracd.     At  tho  ordinary  temperature  this  occurs  slowly, 

{•{uicklv  when  heated. 

p41.  Sttinniary- — Th&  properties  of  the  corresponding  compounds 
ke  elemciiu  ai  the  serund  gruap  change  in  the  same  order  uk  the 
jbining  weights,  so  that  tho  relation:^  which  hero  prevail  Call  Ire 
iy  jn)pn>«j«ed  on  the  nn'mory  by  making  the  sense  cleur  in  which 
4-Katist^  tiikcs  plin;e.  In  the  fnllDiving  tahlo  the  propertien  which 
insidered  iire  yivcn,  and  tho  arrows  which  tire  added  indi* 
r  th^  Values  of  these  increfise  (-?-)  or  d^Croasa  {-^)  with 
Buiiig  combining  weight. 

RorutTiw  or  tne  Alkalixx  Eiiith  Uutals  and  or  tbeiil  Cowi'rinKDA 

t'afubiiiitig  wc^glit -f' 

BuL-ttTJly  of  till)  inetst ->- 

DrDiit  V  "f  tLe  deuviiU  imiiI  oP  tUe  CDrrE.ipDiiiJiD|{  i:»uj|iouiiila     ->■ 

|U»<:  [.111  perl  it  a  ot"  tli«  liyjiTOxlJas       .....->■ 

SoEjbjIity  of  the  lijdroxideii       ..-...-*■ 
Scriabititf  of  the  hala^n  r^uniiwiuids,  uitrbtw,  ouil  ml|iliatei     *- 
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S42.  Qeneral- — Th«  group  of  the  earth  metals,  to  whKh  w«  now ' 
»  characterised  by  the  fact  thiit  the  elements  coritaim-cl  in  it  fn 
triiiiieut  ciiHons.  Tho  pirallelism  whieh  existB  lieLwoen  tho  eleircnl| 
of  the  first  and  accond  groups  in  reaped,  of  combining  weigliL*  Mtd 
general  character,  i3  n-lso  found  hore,  with,  hui^-ever,  nn 
dift'erence.  Of  the  elements  of  the  thiixi  group,  cherts  in  ontf 
which  Dociirs  froqiiently  in  ihe  earth's  crnst ;  but  this  one  is  Ic 
in  great  almntlmice.  All  tho  other  elements  iue  excpuiliiigly  ri 
and  their  properties  and  compounds  arc  therefore  comjiaratively 
known. 

The  diniiiuitimi  of  the  reactivity  of  the  metid  with  nxyg^aj 
water,  which  was  met  with  in  »ora«  of  the  raenibera  of  tlie 
group,  is  fouiiil  here  in  a  still  higher  degi'ee,  so  that  alurnmiur. 
most  impoitiint  element  of  the  third  group,  is  a  metjil  uliicli  is  nt' 
preeenl  day  applied  in  tho  arts,  and  Jis  such  plays  a  not  iin-oriiiili-ntbla 
rflle.  At  the  s.irae  time,  the  liastc  prnperties  nf  tho  hydroxidf*,  ft 
weakening  of  whieh  wjis  also  iudiciLtfld  in  the  second  g^^JllI^  1i«vb 
heconie  so  small  that  there  is  no  strong  brtse  in  this  groi4)).  A»  nttwt 
it  is  in  the  ease  of  th>e  elenionts  with  smii//  combiuing  weight  that  thi> 
efieet  la  moat  tonspicuous ;  in  the  tnfic  of  the  first  tiement  which  mu* 
he  included  in  this  group,  viz.  hnnni,  tho  completo  reversid  ha-  ■  ■ 
taken  place,  for  this  element  has  entirely  lost  its  niuUiltic 
and  forms  an  acid  hydroJtide,  Vroric  ;icid  (p.  43A). 

The  elemonta  belotiging  to  this  group,  together  with  thtir  «r 
ing  weights,  are: — 

Buron  (ll-O),  alumintuni  (27'1),  ecwndinm   (4-l-il(.  yttiiimi  (Kj 
lanthanum  (lIlS^O),  <'tt.,  ytierhium  ^1"S).     With  rt-giiffl  tn  ihc 
wonEd  make  the  following  roniarks. 

Whilo  tho  lonibining  weights  from  Imi'on  to  lanthanum  cor 
to  those  of  the  motaU  lithium  to  cn-siiim  nnd  berylliiim  Uj 
we  have  here  a  higher  member,  ytterbium,  with  a  combining  WB 
173,   wlhieh  is   rtot  represented  in   the  lirst  two  gi'onpB.     It  uuy  b* 
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Uwt  suet  representatives  do  exist,  but  ha-ve  not  yet  been 

Fiirlhcr,  *n  etc  bus  been  irserted  after  Unthamini,  Tbia  Eigiiifies 
ibcni  exist  at  tbia  point  not  one  element  but  a  number  of  elements 
are  *II  very  cltDse  to  one  anotb^r,  and  hiive  therefore  an  almost 
claim  to  tbis  position.  This  otturrcnce  of  several  element  with 
flifferiMiecs  retailla  the  oeeiirreiice  of  immerona  small  planetary 
at  Ik  pan  of  t\ni  solar  system  wliere,  by  analogy,  ODD  would 
ft  exitectwl  II  large  jiluiict. 
543.  Alaminlum. — Of  all  the  ligbi  metals,  aluminium  ta  the 
widely  dif^Lribiited  on  the  eurlb'a  sm-fiice.  It  forma  n  cojislitueut 
'  almost  all  rTi/.tl-jlline  siluiifr  roris;  and  of  the  sccnnclfti'y  foi'niations, 
thiy-'  and  >■/■(/'■  formiiliuna  iire  foriiie<l  from  Hbimiiiiiiin  ailiwite,  A 
Hclgt'  of  the  compciundii  uf  thii^  metid,  tlj^rcforev  i!xtetide  hwh  as 
'U  eheinical  knowled^G  at  all  ean  he  traced. 
Fruiu  the  time  of  the  discovery  of  the  iilkuli  metab,  it  whs  re^tirdod 
I  indubitable  ibat  a  uwlal  must  be  cnnuin^d  in  clay.  Wohler,  how- 
vas  (he  first  to  obtain  met-allic  aluminium  by  the  uction  of 
on  the  chloride.  The  method  of  seprirating  the  element  from 
r«<»i>i|K>«rid!-  by  fkdi\f}ii,ns  was  givon  by  JJunsen  (1S61). 
The    luiaie    ailuminiiini    is  derived   from   uhtm    (nUimeii),   Ijecausu 

liuin  is  i:onC<iined  in  this  long-known  salt. 
At  the  present  day,  aluminium  ia  prejiiired  on  a  v«r_v  large  stmie 
the  uUviroLyaiB  of  ib5  oxide.  The  oicidc  ie  fused  by  tlie  heat 
by  the  [lassa^'e  of  the  electric  current,  the  silunu'nium  goes 
CKtbode,  and  the  oxygen  whieh  sepArAtea  at  the  anode  combine:^ 
the  charcoal,  of  which  the  anoile  conaista,  to  form  caibon  mon- 
To  fatiUtatfl  the  fysion,  tbi5  eletrtfdlytlc  vosHel  ulso  contiiins 
■  comi-iouncU  of  aluminium,  f,tf.  cryolite  (rule  i/ifra) ;  since  oxygen 
ure  rwidily  separated  than  fluorine  (which  ia  the  corresponding 
cijiisiiliujnt  of  cryolite),  this  addition  df*es  not  alter  the  chemical 
ID,  and  only  aliiinininm  oxide  requires  to  be  thrown  in  to  replace 
Fued  up  material. 
Ketailtj^  itlinnjiiium  is  a  white,  eomowhat  blui.ih  metal  which 
tnuiiift  ttjiierabiy  unchanged  in  the  air.  This  is  due  to  the  fact  that 
[k^nickly  becomes  covered  with  an  inviaibla,  thin,  and  firmly  adhering 
■o(  aluininium  oxide,  which  protects  the  metal  iindcrncath  like  a 
eh.  li  m*ka  at  700  ,  and  i.-aii  be  both  east  and  rafchanically 
light  into  the  shape  desired,  as  it  is  not  hard  and  is  very  ductile, 
thm  wipe  and  very  thin  foil,  like  gold-leaf  and  silver-leaf,  can 
f nude ;  the  latter  is  greally  used  fi>r  "silvering,"  ainte  «nlpbufriiia 
I  do  iiut  blacken  it.  AlumiiiiLim  is  a  good  conductor  fur  bent  and 
idrctricily. 

(hi  flccouni  of  it«  lighttiesa  (density  =  2'7),  its  silver-like  lustre,  and 
il*  liurahility  in  the  uir,  aluminium,  especially  aincie  the  electrolytic 
Belbud  has  rendered  it  cheap,  has   lieeome  greatly  used  for  ordinary 
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iittiitsiU.   but  it  iloes  not  seem   hLth9rlJi  to  hiive  lieeu   i-eoeivi 
entire  fiivoiir.     This  ie  pt-fhaps  U)  W  nccuuntctl  for  by  tli* 
although   it   resists    (lie  action  of   pure   water,   it   ia    nither   sti 
ttttocked  by  ailt  soliittuiis  of  all  kimis.     Fiulher,  the  oxidntim  ■ 
metal  generally  occurs  in  spots,  so  that  holes  are  there  formed 
can   be  repiiired   only  with  clifficuUy.       Its  rBsietatice   U>   mech 
action  »ho  is  smnll. 

•  When  iLlutniniuni  is  alloyed  with  tnfffiifri,  it  iipj»i.tars  to. 
quitu  ditferent  propertipH.  It  ia  Hmalganiiitad  by  rubbing  iu 
with  SI  ruerrary  salt,  e.-;/.  urtciitjc  cliloride,  with  some  i>re3Mirc. 
parta  which  ivorB  at  first  bright  on  account  of  tlie  mereiiry,  ir 
ately  become  dull,  iind  a  moaa-like  growth  of  AUiaiiniuni  Iiyc 
arises  from  them.  This  phenomenon  is  pxplninod  by  the  Rtct 
althongh  the  protecting  kyor  of  oxide  is  formed  ai  th^-  aiiial;:.iin»l 
parts,  iho  f;oftiing  duos  not  adhere,  on  uecoant  f>(  the  iiipiid  nsnire 
thesa,  and  the  oxidation,  thi^refori!,  pursuea  ita  ooursr.  It  i<i  h''*  ' 
the  mercury  produces  an  incruaseJ  reactivity  o£  the  aluminiti 
thing  which  is  theoretieally  imposBiblo),  but  the  rwil  luhumicul 
of  the  ahiminium  is  ulluivfd  free  aco£)c  to  exert  iteolf. 

*  The  amalgamatud  alnminiiim  is  employed  as  a  rpdnciiigi 
On  ai'Cfrtint  of  tliia  behaviour,  objects  made  of  iduminiuni  rail 
carefully  ]>r»tei;ted  from  L'ontscc  with  mercury. 

Whde,  even  at  comjiaratively  high  temperatureB,  massive  alun 
is  only  supurficially  and   inappreciably  attacked  by  oxygen,  the , 
dieidnl  metal   burns  with  ;i  I.irilliaiit  light  at  a  red  heat.     This  < 
ehowii   liy  holding  alumiiiiuni   foil  in   tlie  llamu,  or  by  blowing 
divided    metal,   such   ns    is  used   in   the   form   of  niuniiiiiiim  bf 
throu};b  ibellanns.      It  takes  fire,  however,  with  greater  iIilbcLiiiy| 
magnesium. 

Aiuuiinium  dJssoIveB  in  dilute  hydrochloric  and  sulphuric 
with  energetic  evolutiun  of  hydrogen.  In  nitric  acid  it  rHidl 
Iwcomea  pnssive,  i.e.  becciracs  coated  with  a  )ayci'  which  is  not  iittarfc 
by  the  acid,  and  then  ri.'maiiis  unclumged.  Fiu'tbei,  idiuniciiurn  rruJi 
diaaoIvBs  in  a  sotutinri  of  caustic  potash  or  soda,  M'ith  ovoluliuj] 
liyilrogcii-  Th(H  U  due  to  the  forminti'Hi  from  the  alumitiium  lA  i 
anion  containing  oxygen  ;  wg  sliall  return  to  this  lalflr  {ri'if  iiifti 
Salt  golntions,  al^jo,  es]wujully  solutions  of  ninmouium  SAlle,  diadl 
the  metal  fairly  readily.  m 

Alniiiininni  fomia  .illoys  with  vfU'ious  sneUds,  and  flome  of  th«s*n 
technically  I'iiluahlc.  They  will  be  menlimied  under  the  res]i«;ti 
metal.';.  AVe  would  only  mention  here  that  an  alloy  (mo^nrdiilni)  1 
Itecn  preiJiircd  from  alumiiuum  and  magnesiutu,  which  is  sUiL 
liave  tcehjucidly  vabiabSe  properties,  and  Wj  b*?  stable  in  the  ait. 

544.  Aluminioil.—Alu minium  forma  a  single,  elementary,  tril 
ii>»,  At'"  ;  it  can  further  act  us  a  constituent  of  comple.t  ions. 

Alumiiiioti  is  eotourless,  and  ita  aalta  are  for  the  most  part  sottT 
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an  oaUnngeiiL  toate,  but  have  otherwise  nO  ^vtmi,  pbysio 
Btion.  Siiicu  iiUiniiniiini  hyiroxiiJe  is  :t  wKik  kise,  nil  the 
aUuiiiiiiuni  ar«  liinlrvhitvufhi  dis-'mciaU'd  to  an  iipjirottitVile 
X  in  xr^iieotiH  soliiLion,  .trirl  ill ^ri' tore  rejicl  acid.  In  ihe  v^xsn  of 
hlU  of  tfao  ttruiig  &v\ihi  this  liy^roly^ie  b  flight ;  in  thu  mee  oE 
nlu  of   wvalc  aciJss  however,  it  1wc*nu*)s  corisiileniMe,  especiiilly 

Jnliko  tlie  ions  o£  the  yther  more  frertDontly  oeciirriiig  light 
Ifc  ifcltinunion  tlocs  not  ot/cur  in  mei'isiiml.'te  amount  in  luturiil 
IH  It  is  iiitrjHhi-ittL-il  tmt  fi'nm  ihe  rucka  in  l1i&  form  of  ithiniiniam 
W^BBt  alvi'tifi"'Tii  !'!/•! i-'O-iiit;  tin  pxcGwlingly  dilficiiltly  soluble  com- 
A,  which,  tlmri'fiire,  ihjcs  nut  jxias  into  solution. 
MS.  AJnminiiuii  Hydroxide. — Muvnti'mm  lujdrmule,  AI{OH}y 
recipitated  a&  &  ^elalinon^,  iinculourcit  jjiccipitate  from  sohitioiis 
Ittnt-itti uni  «il^  by  tliu  udclittun  of  a,  soluble  bii^c  ;  in  the  air  it 
(  wnier.  ami  wlipri  hejtted  to  i-ednesa  ia  converted  into  aluniiiiiiini 
«',  aeconling  to  the  *^^|1lalioll  iAJCOH)^  =  A1,,U,,  ^  'iH./l, 
jjhiminiiiin  hydiMxiiie  ia  practically  iiisoluMu  iji  'vvatcr,  ami  le  » 
r  Wfiddc  base.  Sirc«  it  contains  three  hydroxyU,  it  can  form  three 
h  of  aalte,  in  ■which  one,  twoj  or  three  hydro-wls  are  replaced  ley 

fcSaIt£  in  which  tinreplaced  hylvoxyl  is  still  pretieiit  aiv;  (.'nllotl 
K,  coiTCsiKtridriig  to  the  acid  aiilta  which  contain  iinreplaced 
Irtfgeii.  Ill  ^L'liei-al,  Iiowuvlt.  thi3  luiBie  salts  :ii'6  much  less 
nncijr  chnmcterised  thiin  tho  acid  ones  :  whereiis  tli«  lintl^r  mostly 
|^^ei<  well,  aiid  mn  therafore  hi,*  oasily  prepiired  in  tho  pure  state, 
^^Kpiiotib  form  predominates  in  tliv  tct.-su  of  thi;  basix:  salts,  whose 
^Btion  in  the  pure  state  is  therefore  dil!icult.  For  thig  roaaun 
^^Bl.  in  ihe  se(|uel,  gciienUl}'  not  receive  special  dcacriptioii. 
?m  lUNXJiuit  of  the  slight  develupniciit  of  Itasic  propt-nies  in  the 
)  of  oltiminiuni  Iiydroxide,  and  it»  ext^i-iidini^ly  snirdl  solubility,  it; 
imcipitAted    even   by  very  woiik  soluble   basea,  c.p.   by  iitnnionia, 

Kprrstiucc  of   Aiiimoiiiitln   salts.      In  this  nay  it  dill'crs   from 
roxides  of  tho  alkaline  earth  metjdB.  and  can,  therefore,   be 
r   tho  sc|jaratioti  of  idutntniuta  from   these,   cspemlly  from 
pen  am. 

L'aufltic  poUt-sh  or  so'la  of  cotu'sg  abo  ptcciptt^ttc  fdnminium  hydi'ox- 
the   ^ohitionK  of  iX&  saUt-.     The  hydroxide,  however,  reiwlily 
iti  an  tj-cv&s  of  ihesv  snlistnncoa,  and   fonns  clewr  solutions 
>iigly  slkaliiiti  reactioa.     This  is  due  to  the  fact  ihat  almuiniiim 
le  can  itlso  act  aa  an  acid  by  eplitting  otf  hydrion  from  its 
cyl  ^rnups  (n'l/r  t (iy*r'r ), 

116  |*ro)ioriy  of  alnniiniuni  hydroxide  of  Acting  ae  an  acid,  is  the 

~  ial  metal  lie  altiminiiim  rwitlily  dissolves  in  caustic  putash   or 

evoliuion   of    hy<ll'i>f;eri   (p.  55S).      II    sm-h  a  solution  and 

of   aluminium  in    hydcnchlnrie  jicid    are   prepared,   anrl   tho 

Itions  are  mixed.  aliiniiniUTii    hydroxi'le  is   prt'cipitatc*!,  and 
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sodium  diloridp  remains  in  solution.     The  n3Sction  18  repn»euU.<i ! 
iLa  eijuatioii  Na^AlOg  ■,  AlClg  +  3HjO=  3NaCl  +  2A1(0H),.      Ta 
tliB  renttiny  ious  into  account,  we  ahould  write,  A103"'+  Al"  +  31 
.2A1(0H),. 

By  lo56  of  wrtter,   aiiiminitim  hydroxide  can  give  nee  to 
an  by  tl  rides,  which   beiir  the  same  relation  to  one  imother  as  the . 
dritlea  of  phosphoric  uciU.     According  as  one,  two,  or  three  c-omh 
ing  weights  of  water  are  eliminated  fiora  two  combining  weigtiti] 
ttio  hydroxidu,  there  lu'e  obtained,  Ixi^ides  Al(UH),^   iitti  conipoiy 
AIjO^H,,  AIO,H,  and  ALO.,. 

All    these   ooinpounda    ocitur   m    nature :    th-o    itormiil    hrdroi 
A1(01I}^   is    hittfranrilUte ;    Al.0^,11^    (generally   groaUy    contniiiiii 
with  other  substaucea)  is  huu^e ;  AlO^H  is  di-mpore ,  and  Ai,C 
eormulmn. 

Bauxite  is  of  importance  as  being  tho  starling  substance  in 
mannf;Lt-turc  of  metallic  alnrainiun:  (p.  557).  Comniiuiti  is,  nii  .'hth 
of  its  hardness,  ^vhich  in  tiSiirly  dqiud  to  thst  of  dininoiid,  »ri  imf 
mineral  technically.  It  cryatallises  in  rhoml>obedra,  In  iu 
gpained  varieties,  calli3d  rmi-.Tif,  it  ia  employed  as  a  gi-indirig  trutl' 
for  glass,  .st«cl,  and  othtsr  har'il  substances.  Trans jwu'eiit  toniudu 
colourfcd  •blue  Sy  jid[iiixtiu'ea,  ia  valued  as  a  gem  uiidiT  the 
sapphire;  a  vt»l  form,  whosu  colour  is  due  to  a  small  atiiuuiil 
chromium,  is  called  rw''y,  and  is  also  a  valuable  gem.  .Sruull  :tiidl 
finely  coloured  nihitis  are  used  aa  axic-bearinga  m  watchcB  ni\<\  oilier] 
meaBUriiig  instmments,  where  movement  vritii  as  littlo  fiictian  uj 
possible  is  refjiured.  Corundum,  in  all  ita  forms,  is  very  liiilc  ii»l 
ceptiblc  t«  chsmioal  influences,  sind  it  is  only  with  dilliciilry  diittill 
can  be  converted  intJj  soluble  compoauda  by  fusion  with  cijustic  iiilu 
or  acifl  aiilph.'ttes. 

54().  Aluminates.— Tho  compounds  in  which  aliiminium  hj 
ide  occurs  ae  an  add,  are  called  iilumirmfes.      Siuee  aluiuiiiium  hydmt-' 
ide  contains  throe  combtiiirij^  weights  nf  hydrogen,  it  nin^t  lie  reganW 
aa  a  tribasic  acid  ;  since,  however,  it  Ja  a  very  weiik  acid,  the  nomlj 
comiMiunds,  in  which  all  threo  hydrogens  are  replaL-al,  an?  not  iwyB 
prepare,  and  in  hi pieoun  solution   they  decotiijioBC  lo  a  greater  nr  U«, 
esteiit  owing  to  hyilrolysia. 

*  A  Hubstarice  which  is   capablo  of  acting  nt  the   BJime  time! 
acid  and  aa  base,  can  be  only  a  unik  a«id  and  boei].     For  the 
iU!ti(in  necessitates  the  presence  of  bydnon  ;  the  basic  action,  llutl 
hydroxi»lioii.     The    two    kinds   of    ion,    however,    cannot   bo 
t'lfflliiT  in  any  yreat  conceni ration,  since   they  would  uniic  to  fa 
water,  which   \a  ordy  very  plii;ht!y  diss^jciatol.     If,  thoi-eforti,  wi 
is  strung,   if.  splits  oil  much   hydriun,   it  eertiiiuly    eaiinni  gplit 
more  than  an  exceedingly  small  amount  of  hydroxidiuii,  the  aoiOWft^ 
of  which  is  limttud  by  the  chemical  etj^uilibrium  of  the  two  ioni'  in 
water.    The  Bame  holds  for  w<>aLk  bjisea. 
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Am  in  Ibc  ciiso  uf  {ihosplioitc  ucid,  tho  aiiitaiuus  solutions  of  tho 
■rilUUes  i-uiiiiiiii  tlirsL'  ililToj'Gijt  anions,  i/iii.  the  incmov Aleut  H^AIO,', 

dniU^rtt  HiVin.,",  and  ihc  irivaEeut  AlO,/",  Since  vra  nre  (lealing 
th  n  weiik  ari^i.  tho  ninnoviilent.  ion  will  prednmiimte. 

0£  thp  AliiiiiinnteR,  the  sotlium  wiii{m\atHs,  more  cBpeciiitly,  -ire 
mwn ;  they  fiirrcsi'rmd  t<i  tbe  three  possihlc  types,  NaU„Al(.)_,„ 
^^AU)y  ami  NiL.|Al<),j.     Thoee  suhslimucfi  are  sohible  in  water,  and 

iml  orvstallise  w"'ll  ;  their  solutions  reuict  stronglv  alkaline,  and  are 
TV  tiiigtiiblt'.  Vitr  if  Bituh  aoliititma,  uapL-fially  oF  ihc  first  (ilid  wl-oikI 
|>es,  Iw  kejM  suiiil'  tiniu,  iht'i  lusi*  a  greni  piirt  of  r.hu  ahitnina  lliey 
nuiti,  this  being  depoajted  iis  n  rrystalline  preci|)it»te  on  tbc  bottom 
Uie  VBiAol.  Tliia  ia  due  to  the  ssLmt;  phonouenon  ss,  in  tbe  cuse  of 
yllium  hydrojtitle  (p.  554)  i  the  ahmiiniuin  hytimxide  which  ia 
!{iiiaiL«4)  is  :i  more  sUtUt  form  thjui  th«  niiiiiiyhoits  and  gt^latintma 
te,  and  eoliition?,  ther^forf,  wbifb  art-  !«itumted  with  resjpoct  of  ihe 
U«r  are  aiipt-rsaturated  mtli  rusped.  nf  the  former.  Arcnnlinf^ly,  so 
UM  llif  first  L'rystala  of  the  innre  stiif'li,'  form  HFf  prodiifi'd,  it 
■lUiiiK-8  to  sepirate  out,  and  does  nol  sltip  until  t.hc  new  uquilibriiim 
rvAchci. 

Aliiminitini  hydixixidfl  ii  not  appreciably  soUible  in  nmmnnin, 
WMUec'  the  b^tsic  properties  nf  the  Utter  are  urn  weftk.  Tha.t  is  to 
iv,  if  riinmtiiiitm  and  jlIu  minim  inn  are  tirnughl  together,  tliey  piws 
U*  the  iiridi^H.K'iated  coniponnda,  ammonia  and  iihimiriium  hydroside, 
■kioirn  by  tho  miuiition  H,.A10.;  +  NH\  =  AI<OH)„  +  NH.,.  This 
IKionr  is  mado  use  of  in  analysis.  When  it  is  required  to 
NctpiiMle  aluminium  bydroxiile  from  an  almninale,  an  acid  may  he 
led  for  the  purpose  ;  an  excess  nf  ibc  acid,  however,  agjiiti  di.sisolves 
le  iibiiiiiria,  and  it  is  therefnre  dithcnir  lo  effect  a  t-oniplclc  separation. 
,  ijowi.-ver,  iin  auimontum  siilt  bo  adiied  U>  the  solution  nf  an 
uininaK-,  the  jdiove  rciietioii  takes  place  and  the  alumina  i»  dopiieitiid, 
Ittle  aji  escce^  of  ammonium  salt  oxerts  no  solvent  action. 

The  other  light  nielals  aleo  form  alumtnate-s,  Of  tbene,  tbe 
ktunilly  owurriujj  a/tin^l  is  of  interest ;  thia  c.in  be  regarded  as  the 
nliyilrid'.-  of  iiiiiiniiiiugneHiiiiii  Hliiniin.tt.e,  Mgli^AUO^,  for  it  h»»  the 
mi'lMiPiiioii  Ml;AI,,0,,  und  M;,'H,A1/),- -  i'H/J  =  MgAUV 

■^{'isirl  (TYSlnllises  in  the  regular  system,  generally  in  rhombic 
wl«cahvdni.  ami  is  the  tyjie  of  a  fairly  large  B«rieB  of  eorr&sponding 
kmioq^hiuua  nompounda  which  are  coiiipi»aed  of  ei|iial  coml>ining 
FoghlH  ui  tho  oicides  of  a  ilivalunt  and  a  triviitent  metal,  for  the 
MmuU  of  spinel  can  also  be  written  MgO,  AI^O;,. 

Since  the  place  of  magnesinn*  cn.n  be  taken  by  iron,  inaugatiesu, 
DC.  L'tc,  and  that  of  :ttuniiiiiiini  by  <;hrominm,  iron,  niangant^e, 
Ic,  ih^ri?  aro  a  large  iLiinil'er  of  lompoiiruU  of  the  ty[)e  of  spinel, 
ne  <ii  which  n-ill  he  mentioned  later.  They  all  crystallise  in  tho 
ignUr  8yBtt>m. 

"(7   Aluminium  Chloride. — Tlic   conifwumd   Alt'],  is   iormcd 
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■wtmiL  meliillic  HhiiniiLiiim  is  hwitml  in  n  currem  uf  hydi-agen  ctiiur 
Hydrogen    is    liliemtcil,    nmi    -fikiniiniuiu    chk«ri'k'    rwnJill}'    suhlin 
fnrmiiiy  a  wbite  crysliillitm;   iiuiss  in  the  colJer  jiarts  of  i.he  apfmnU 
Foi'iiit.'i*ly,  when  aluiuiniiiui  wan  not  a  cheap  fiubBtiitici*,  tlic  rlilori 
was  prepni'Gil  hy  faeutiiig  ii  mixture  of  alumiiiium  oxitle  and  chnr 
in  M  current  of  cliluriin-'.     The  jiroeeas  is  represcntied   bv  III*?  eijiia-ti 

\m^ '  •M-L'  3<:  =  l^\l^■l,  ■  aco, 

Alurnihiiini  n'hloi'ii.k'   Imils  ut  .'ibtiHt    18:(  ,      TJio  irK'li.ihg  ituiiitj 
snmewliat  liiglier — II'S";  on   heiiig  hi.'Ktt'rl.  ihi.Tefurt:,  iini.lcr  i.inlim 
pressure,    ii   j>asMea   direL'tly   from    the   fiolid   into  tlir  vaifmrniis  <iud 
By  heating  it  in  a  t-loBcd  vessel,  so  Uiat  the  boiling  point  ia 
cnn  hti  Snseti. 

•   Ahiminiiini  uhluride  is  used  in  organic  clii'.mistry  in  nunier 
prejHinitions,  u'hii'h  depend  on  thu  fiict  thut  in  presoni'e  of  iilun 
chloride^  niixturea  of  a  chloniie  and  a  hydnyen   cainixiiiind  ^[>lil 
hydrogen   chloride,    ihti    rpsidnta   tht'n    comliiiiing   to   fumi   thi' 
cuRipound.       In   urgnTiic  clicJjiiatry  such  a  jjroL'eew  is  c»ltt'd  nvrJi 
(in  Uie  narrowor  seii^e;),  iind   riir  aiieh  purpri!<i^»i  .'ihtTniiiinin  ehlcirids 
<»f  ti^^cifil  inipoi'tntict'. 

Alitmininm  uliloride  fiiiiies  in  the  iiir  .•inil  rLmcia  witli  wiiU-r  «id 
VL'iy  conaidu liable  i.-voiiiliiJti  uf  Iiuit,  AnhydtonH  uLutuiiiiiim  fliluC 
aijniot  he  again  oliUiiiicd  from  ihf  ;u|no(jnji  eoliit.i<jii :  frum  t lii>  eii'jii 
cmiceiitraled  snlutiini  a.  salt  iTysUUisfte  <>ut  with  JH.,0,  whicb, 
Wing  hitated,  completdy  do<;onipose8  inwi  hydrngen  chlnridv  wh 
e3CH)ii>8,  and  aliiniJniiini  oxidn  which  remains  be^liiml ;  JAK'l^  -  3H,(] 
Alj0a+6IIC1. 

Aiiiniiiiinin  chiorid«  readily  unites  with  othiT  chloridofi  t«  ii 
doiiMe  salu.  ;Lnd  more  I'Sjieciatly  so  with  pnUissin m  nnd  WJ 
cMuritlfK  Thorie  conipouuda  eiystallise  wtll,  (md  in  them  ahimini 
chlui'ide  hiut  lo^t  \i»  volalility.  The  Hodmni  cumiKiund  undu 
exceeding  casi^,  and  w»9  furiui.-rly  itaed  as  the  at&rtjng  aUbat&iiMJ 
the  preparation  of  rietallic  ahmiinium. 

On  aCfOiint  of  ita  ready  volntility,  the  molar  weight  of  Hlnmin 
chlunde  was  early  determined,  and  was  fuinid,  in  atriei'nimil 
wrUin  thenretieiil  aaBumptioris,  to  corriispond  to  t\\^  fornmht  A 
Siihsiiqiifiitly,  these  theoratical  vieivM  liiciime  dmihtfid,  and  h  tho 
iiivcsti^lion  show-od  that  in  ihi.'  iieiyhbourhood  of  the  lioiUng  | 
ctfcUinly.  vapour  densities  were  olwervcd  which  corraapoiiilul  appr 
matoly  10  this  forninla  (although  th^y  were  always  too  low),  K«t ' 
the  vjilncf*  mjiidly  diininishwl  iir*  tlie  Ifiitpt'iTitiu'c  roac,  and  at  t^ra]"'!* 
tur&s  bntwcftn  4i)l)'  unil  7ti(>'  remained  constant  nnd  porr?fl]winclal  u 
the  fufuLula  AlCl^. 

54s,  Aluminiiim  Bromide  and  Aluminium  Iodide  ■'■t<f-  vm 
similar  tu  the  (■hloridt^  bnt  Icsm  voUitilc.  Thm'  wv  rt'adily  f<i''ni«d 
fi'iiu  the  elements,  i\nd  in  nrgnnic  chmuLHtry  have  n  1190  stnilfir  V\  tlnl 
of  tho  cjlilorido. 
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HV  Aluminium  Fluoride.  AIF^,  is  ..htainefi  at  n.  re<I  heat  frfjni 
iJuadiiiim  tinii  livib-ii^'Ti  tliinnde,  nml  iiltsi"  from  uliimi tiiii m  nxiilc 
M  hfdmgfin  Hiiorido,  nnil  is  vary  imivh  less  ruliitili'  thiiii  tho  other 
licfL'ii  c(jitt[M}ii tills  i>f  aliiiiiiiihim.  It  fomis  stuull,  ItDiLnma  orrstttls 
brJi  l)i>hiivH  ttiilil1*un>nl!y  tnuHiiilii:  t^ntui'.  hikI  s<'aKe]y  Uieaolvt!  in  it. 
Hltimiitii  is  triMiui)  ivitli  iii|iieiiii-'4  hyilrufliinric  itciri.  ii.  (iJMecilveH  in 
(r  i]iwntii.y.  Thi-  snliitinii,  hnwi'vnr.  is  hii'()ii;|!;ly  wiiinM-tuitiiriiteif  with- 
pcct  t»  the  iiUjir  ilitfitiiltiy  ^'liililr  fuiiu  uf  »luiiiitiiuiu  tiiKiridti, 
ieh  IS  slowly  ilc^|Hi£it<-d  s|>jiiitnici.iu*ly. 

Alumiiiium  Hiini-irlo  ia  soliilile  in  liydi'nliuoric  acid,  and  furms 
h  ibi  hyiir'>Atu»ihimuiir  n-riiJ,  ll^AlFj,,  tliL'  nwliiun  xuU  of  wlifeli 
rvry  dlffit'idily  snliiWir  in  wnUsr.  It  twoiirs  in  largi*  cjitaiititiea 
lirrriitiuul,  uul  an  h  iiiiiieral  thiu  compound,  Xa^AIt'^,  is  called 
Ue. 

l-'rynlitn   is    iiswl    for    the    jn'cfwinition   of    s'Mti    tilling   with    /"irr 
Mff'vm    hiflriui'ir.      Foi'    thia    pur[K.ise    it    is   licittt.'d   with   uiilk  of 
I   nr   fUB«d    irttti    tiiuo,    wbcrvhjr   calcium     tliioiidu    niid    sutliiuu 
RinatL*  »rir   fomit-'l  ;    Lbc    latter    pas&es    into   fl'>Ititiun    ur    cuii    Iw 
rurtoit    wiih    w;itr.r:     Ni^Alf\ -t- SOiO  -  3faFj  +  Nii^AlO,^      Thw 
CvlL>    eolutiuiL    ia  d<.'i;t>iij{i<isv>l    l>y   ]>it$sing  in   a    cUrreiit  uf  cjiI'Ikiu 
Itiilr.  uhLTi'liv  MKliuiii  ctrliuii^lc  \*  furmed  ^uid  Jiliniiiiiiuni  liv'drux- 
i»  prrcipitau-*!  :  :JN-,.iAli ),  .  Jlt'O,,  +  M^.p  =  3N,ijC0g  +  ilAKOH)^. 
550.  AlQmiiuimi  Sulphate. — Of  all  the  g^Ua  of  Hluuiinium,  the 
^1'*   is    tilt'   title    which    hct»   the   largest    itppliciitlon,   i\\v\    it   U 
tefiii'«    ni:ii)iifH(M.iiiT>d    on   ;i    lar^';    sade.      It  is  i)hluirii.-il  liy  iK'-iitiii^ 
buntum    hydrMxidi;    witli    -snJitliiiric    Acid  ;    the   s»]iitiun    ptitliu'ed 
^bi,  nt   H    eiiitalsii;  rutict'iilrattijii,   tci  an-   iiidiKlin^tly  rrvattillino 
^m  tht^    ffM-mnlM  AljiSOJ-,,    IWHgO,     Thf  sul|jhiit'--  Ciin'also  1»<* 
|Mmd  by  Iie.'ilin^  iLlumiiiiiitii  isiliiutu  with  8id|)hiinr  ucid.  silicic  acid 
Hj?  thvpehy  8i?t  free.     A  [iUi-e  *i«lt  can  be  ohutiiied   fmni   the  cow- 
raal     prndtut     hy    precipitating   the    cmicentmtcd    solution    with 
dlioL     An  nitv  liquid  vn  thon  ilfpivniied,  tiiiich   it!  a  BiijM'r«»tii|-tited 
DUun  uf  iiluiuiniuiu  ttiilphati'   in  wuii;r  (vtitli  a  very  little  julcuhul) : 
ktouii  Boiiditi^s  in  liisitrous  stales  of  a  salt  irith  18HaO. 
"  h  w  TKi  riiru   thiiiK  fur  (HjUBfHin  snlutiona  I'f  salts   whtdi  are 
Knllly  uiUiMa?   in   itl<'"hn[,  tn  lio   tirst  prt>ci  pita  tod,  l>y  th«  luldition 
llw  Ultdr.  as  a  coiicenlriiU'd  suhitiun  which  is  inimisciMe  with  tli« 
kaf  the  id'.'ohnlic  uuhltinn.      The  fornnition  of    ihe  siip4.>rGntiimted 
nlion  iirtnr«  that  nf   the  solid   cryalals  i»   uiity  iuintlier  cusi:  of   the 
\w  oontrrrnr*  oj  Hit  Irm  mUiI^U  forms. 

I  Ob  wcnnjit  of  hyilnilvKts,  the  aijiii-'DiiB  tHilutiuii  of  ahuiiiiiium  md- 
iUe  nactA  acid.  It  enn  dii»«>lvv  fuirly  voiisideiiilijp  (juantiljea  of 
Ininium  hyilnixidp,  with  formation  of  tiaaic  salte ;  ditticulTly  Holiilile 
pitnltsarv  nllimntely  <lp|x-miuut. 
k  iaao  nluininiitui  sul^hiti't-,  in  which  only  one  of  the  threr 
fl>   ia    rHploewl    liy    sulphjiiiion,    AU(OH)jSO,  +  TH^O,    occurs 
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naturally  ^is  alumiiiiir,  mid   in    nsm]    in    Uie  pi't<ik:it-alioii  uf    the 
alimiihimm  9Ul])hatc,  mid  of  ks  iloiiMe  wait,  /rli/.m. 

r>5].  Alum  w;i8  lln-  iiiirae  jriven  ongi'nally  ti'  a  rloiihle  salt 
itluraiiiium  mid  ]n»i.:iaaiiiin  aulphatc,  A1K(SUJ„  .  l^H^O,  whieli  i-rj-eL 
lisBs  in  fi[ie  iictabedi'n  Ix^longinj:  to  the  regular  system,  ixi  mixing  ti 
aoUitinriB  of  the  aiiiglc  s.ilt8.  In  the  cold  it.  is  thhoIi  I«sr  BoIuMe  ihi 
t-lie  siii^'le  salts,  find  a  sDhibiiin  prepmrod  from  the  ajttiii-iiled  Aoliiuai 
>if  tliese  ia  strtiiigiy  giifmrsatiicated  in  respect  of  iJuni.  The  siipe 
aa.  1. 1  initio  II  does  nut,  it  ia  tme,  diaappear  spoiitaneniisly,  as  the  i^jlntiu 
ifi  in  the  metiisNdik'  caiidilif*ri  ;  in  our  suiroundinga,  however,  8oli 
liiuni  ia  ao  largely  (listrilmtcd  that  atatrcply  an  object  whieh  hns  W 
in  the  Jiir  is  fi*ee  from  it.  As  n  rule,  thorefore,  the  nucleus  whiebf 
iiOTRsaiiry  for  the  fornirttiun  of  crysljila  is  iramerliately  prcscnL  I| 
this  ia  exfilutied  by  heating  thf  iiijiiids  and  vpsaols  to  100'  fwljcnJif 
the  iibirti  melt*  in  its  v'.iter  of  crystiillisatinii}  wnii  the  entrance  o(  ittMt 
avoiilpd,  (TyaUdJiBi^tion  remains  suapiMitlwi  fcir  any  length  of  time,       | 

Aliini  w!is  fornicrly  thi^  moat  tmporuuit  salt  n/  irlinitininnL  A^^ 
tiiiiiigh  the  pntiL^sium  sulphate  cantHitied  in  it  huA  either  nMeffecKx 
bud  a  ilisturliit[g  effect  in  its  appl iuitione,  ahtm  was  iievrrlhclM' 
eni|>]oyeiI,  liprviusL'  none  of  the  Hiinjile  wiUs  of  iiiuniiniiim  ervstillin, 
wflll,  iihd  tlius  cannot  be  easily  freed  fmni  iiiipunlieH.  Siut.'C  tkt 
uietlio'i  Wius  disenvGit'd  of  proparin^  pure  ftJiiniiiiiuna  liyiruxitlo' |1? 
Way  of  siwlium  ahiininiil«),  and  bo  of  preparing  pun'  nliiminiiin)  Kt-^ 
phate  from  this,  ahim  hua  lost  its  importance,  nnd  is  now  bein^  nuttj 
and  more  replaced  by  the  simple  sulphate- 

'  With  this  also,  the  farmer  methodB  <jf  prepjiring  ahim  « 
begiuniiij;  todi^ippear.  It  used  to  be  prepared  from  iv  Wait  poUwiiiH 
aluuiinium  sulphate,  which  oecnrs  nntui'Mlly  as  nhim-st-mi'.  by  liMiin; 
this  and  es t iiictinj;  svitli  watet' ;  alum  tliorehy  i»ifisi:il  iiit*p  ^Iittmn 
aiid  aliimiiLium  hyJroxiile  retuainedl  btfhiad.  Further,  it  was  uljui)»i 
from  iiHm  shalt;  a  silicate  of  aluminium  porm<iat«cl  with  sqlpbi'lftt' 
iron.  This  was  roasted,  and  then  allowed  tn  undergo  oKiflntioii  in  tin 
air  Fram  the  sulplLur  ni  ihe  jron  sulpliide,  STtl]i!iui'ic  acid  19  Inrmwi'. 
this  converts  the  aluminium  siJieate  into  aulphut*,  wliieh  is  ihi'ii  ri 
traflled  with  waU'r  and  made  to  crysfcUliBe  liy  the  addition  of  potuwiiUI. 
aulphaia  ^ 

On  Iw-'iiLg  heate^l,  uluiii  melts  in  iitH  water  of  crystal lisatinn  ill 
raising  the  tempeniUue,  it  loeea  its  water  and  forms  u  spongy,  whw 
maM  eallefi  f'uriil  uhim.     The  latter  is  uawi  in  medicine.  J| 

Tiic  mast  important  ue«e  of  ahimiriiunt  sulphate,  or  of  alum.  iH 
'h/niuj.  Many  dyea  are  iriea[)able  of  eomliiiiiiLg  dir«etlv  *ntli  ihi-  nt*^ 
of  the  cloth  in  sui-h  a  way  that  tho  colour  is.  not  withdrawn  liv  vai*^ 
and  soap.  If,  huwinvei',  Ihu  cloth  ia  previously  Irrated  with  ahiiniiiinc 
aalla  it  ran  he  peniirtnoiitly  dyed.  This  is  due  to  the  iiict  tlial^ta 
t]bro  nbeorha  and  unites  with  the  aluminium  hydroxide,  vhilH 
alway.8   preaent   in    the  aolutiini,   ;t?  th<'  aluaiiiiiiim  Halt«  luv  tiwn 
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whut  liyilnih'swi.      Further,  the  clyi's  have  the  jmwer  of  iinittiig 
»luiiiimiini   hyilroxtde   to   form   the   (jnntieally  iriaiiliilile,  fitit-ly- 
I  ■■  Ukea,"  uiv)  ill  tLis  way  Iho  iiuiiJii  licUvui'ii  th«  dya  and  tliG 
'Leil  \iy  thf  iiliitmi Ilium  hydroxifle. 

lura  aluiniriiiiin  eiil|)luite  is  t.|iL>  type  i>f  a  large  Heriea  n( 
it>k  sails,  -rt-iiifh  IiJivi-  ii  riimiliir  I'liiiijnisiiiun,  uiliI  iTysulIiav  in  the 
(uruts  <if  the  rugiiliii'  aystuni.  The  plat-f  ul  ptiUiBsium  tan  be 
by  raMmm,  ^v^«wn^  nmmoiimin,  and  a  largo  iiuinl»i*flf  ovgtinic 
■X  11/  iiriimMiiiim.  us  wn-II  lis  liy  Uio  hfiivy  metn]  lliiiUinm,  but 
ficxliuiu  ur  liihiiiiii.  Tlit  jilai:L-  of  uluiiiiiiiuni  ciiri  lie  t^ikcii  by 
iiivtul^  w'liii.'ii  fiiiin  iiii'ithritt  ions,  siwli  a*,  iimt,  rjiyiniitm, 
nff,  in4hiiii,  etc.  FiiitiUy,  in  ]ilafi!  'ff  tin*  3ul|>hjijiiiin  we  i.^aii 
*r  Mlenniiiort,  SeO^".  Hl^iim,  ive  hnvu  ii  yrent  divi^i'sil.y  here  ;  for 
I  Ui'.'St-  il'Hible  gall-i  the  Uiitue  it/ii^i  liais  Lei?n  aduptt'd,  tlii'  iiivmes  vt 
B  motaU  present  heiiig  prefixed.  These  aliiiiis  nre  iaitriiorpliuHB  with 
« juiuiher,  iitid  the  i?ii]>ersntui'atMl  soJiition  of  oiieiif  tbrhi  is  mude  to 
fstAlliHe  by  11  niidcnB  of  any  other. 

55l*.  Aluminium  Silicate,  —ll  has  idre;u]y  ln-tn  sevc-ml  Linus 
MtlioDivl  i.lmt  (he  ]iH-ks  uf  whiL-li  tliu  Ciii'tlj's  ltusL  whs  piiniiinly 
med  (VJiisiat  -psscntialiy  of  silicatcis,  the  inetwts  of  which,  besides  the 
t«|uvtit  alkiili  and  alkaline  ea-i'tb  metals,  formerly  mentioned,  are 
nmiiiiiiTii  and  iran.  On  iinderguiiig  deconi^K-sitimt  by  watiur  and 
lnjii  di'jxido  ("  wcjiihiTirig"),  tlie  first  riR'iilioried  pass  info  carlioii- 
:o*.  whilo  magnesium  [.mrtially.  and  jduminhnn  i;"Liri;ly,  reiuiiin 
iuinl  as  himpk-  silicatt's.' 

Alitminiiiru  silicate  is  calleii  r-ld;/,  and  is  fornaeil  iii  the  amorphous 
Me,  and  in  very  finely  divided  fomi,  in  tin;  wentheiring  of  ihe  roeks. 
saiveiill,  it  h  residily  carried  aiv'ay  by  flowing  wjit-er,  and  is  dojwsit^^d 
ily  when  the  mnveraciit  of  the  water  hticomcs  very  5l()W.  According 
bill  dpji^rev  uf  piuity,  it  poasesaea  various  pro[iei'tii!S,  and  is  culled  by 
iAiTi;[il  tukinn^ 
The  piiri'st  fui-m  is  ealled  builin,  or  tliiiui  i-hii/,  unci  ia  gunerally  found 
kictiitiea  where  ntrke,  poor  in  niajjnceiuni,  arc  decoinpiiawi  by  water 
il  carlxiti  dioxide,  but  are  not  lnina]iorit'd  mechanically.  Tito  wator 
'  then  c-irrii^d  nwjiy  tlie  other  constitiicntM  in  solutionj  ami  tlie 
■luniniam  KJliuile,  with  nii>re  ur  lens  ipiiirtz,  ]y,is  reinaitied  behind. 

I<Ms  pure  forms,  which  nn-  fri'ijiieritly  cfintaminatcfl,  more  especially 
*iftailci«m  cjirtniniite,  ijnartz,  and  iron  oxide,  are  called  clii;/,  or  jmUrr's 
•"W.  j)/.(i/  conUdnii  a  lai^^e  <iuaiitity  of  calcium  cHibonate,  and  Imm 
wtwaiii*  i{usttz  sand  as  weill. 

Tbe  lue  of  almniiiiutu  liiltiatti  ia  very  old.  and  widely  extcndud.  It 
'T'BniU  i«i  the  fact  that  it  yields  a  teiuicioiis  mass  icitli  mittT.  capable 
*■  wing  moulded  ;  on  drying,  this  undergoca  regular  contraction,  and 

"xiler  ngftalii  (^oadiLlno!!  iHMiiii'rlug  fu  the  1ro|iiuH,  wtilch.  bovnrer,  csnnot  u  fct  lie 
**>*n«.1  Ix  •Iclnil.  ul iiTiiii^itiiii  sillL'Ole  Ls  nlst'  Jc«i1iip04«'l,  lu  "uwli  a  way  tb"t  ii4icio 
*'''>NM*B»ay  wliilc  nluiiijuiiiii.  Ityilniti'le  {ru  InniiLe)  is  left  WhinJ. 
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in  thom.  Ortlinftry  fioUjmr.  m  'JcWw/h-v,  ie  juitiiashim  uluiiiiiimm 
u*.  AIKSi^-()j_.  It  occurs  wid'tly  liistribiiitil  in  inoiiocliiiic  crystals, 
milst  lie  regmrifo-d  an  one  of  the  moat  inip^irtant  eouwes  of  [xitash 
he  soil.  Tlic  ""/«  fr.Ujifir,  or  ulJitlf,  lijts  a  €:orres{  ton  ding  unraptisi- 
1,  rikntaiiiiii^  s-wliiiiii  in  plai;e  of  potnssitiui ;  it  is  Iricliitii:  Aiiorlhtf 
k  ckIciuii)  (••lsp:ii\  which  is  isomorphuuB  with  alliite,  and  can  unite 
li  if  iM  nil  |irn|kiiii-iioiis  to  form  mixer!  ti-ystiib  ;  it  has  tlie  comptiei- 
I    '     ^i-.;*-\.     Sunn;  uf  these  mixtures  hHvc  ruwivpid  a[ii?cia]  iimues, 

■  ;/'<fV'tw  jiliil  InJn'iuliVilf. 
Another  gr(ni|i  of  iilkwli  itliiminiimi  silicntcs  la  that  of  mim,  which 
dultnguisbed  by  iu  jinwur  nf  clejii>'iiig,  its  elujitictty,  and  rusiBtimcr' 
jigh  tem(icnil.nrn.  Sonic  kindrt  of  riiitJi  ctniUiin  iiuLyncaiiim  in  platn 
tbe  alkfkli  nii'iiils.  The  fmmul*  is  ihmlitfiii. 
J54  Other  Salts  of  Aluminium. — Since  ici  using  ahiminium 
pfajUi"  ae  a  unwii'itif  in  rJyoiiL^,  the  alumina  is  ilepusited  on  the  lihri', 
comis|Miuling  amuiint  o(  iicid  r«in.'Lins  in  the  .wlution,  and  us  il 
sresscx  it  begins  to  hinder  the  deposition.  By  using  a  wewk  and 
lalii.e  Aciil.  the  prncusa  €Mti  he  I'tirricd  on  lo  nauch  greater  ndvaii tiifrt^ ; 
•uth  purjKisee.  ihercfore,  iihimiin'mi  na:Ui!ir  is  used.  This  s-nli  ia 
liiii^l  frnin  iilniKiiitim  siilpiiitte  hy  detimipoaing  il  with  btiriuiu  »r 
u^t^tatu.  whwuby  the  corres[ioTidinp  wnlph;ito,  being  insrjhihln,  is 
poititvJ-  The  s«me  object  is  alluiiicd  moro  siiunily  l>y  the  iidditiott 
uiy  wihihic  AcotJite,  ?.;/.  sodium  aceUitc,  since  this  h:is  the  same 
KC  in  di  mini  shin;;  the  concontmlion  of  hydrioii. 
Aliiinii[ini)i  MceUile  is  a  very  ilet-ijnipt.is:ilile  s.:ik ;  even  on  boiling 
jMlue^'fUfi  &nhitii>n  it  is  '!(.'i:i>[ti|)ir^t.'(l  iiitu  idumiua  (or  <i  very  Imeic 
),  (chich  M  prccipi Uittid,  ami  iicelic  acid,  which  remains  in  sohition. 
due  to  th«  iiKTeusC  of  hydrolygig  w.-ith  mirfg  ti^mpCi'ainiA  Fob', 
th(!  hydrolysia  de|}eriiU  on  tliG  amount  of  hydnoti  and  bydroxidfuii 
invd  in  ihe  w«ter.  iirni  since  this  incrciisi's  with  rising  tcm|»?ra- 
Iiecaii8«  ihe  dissfjciation  nf  water  into  its  iuns  is  sccompanied  by 
ion  of  heat,  thr  degree  of  hydrolysis  miiEt  ajso  increasL'  a.^  the 
Tstnre  rises.  Morenver^  the  reau-tion  is  thereby  accelerated,  and 
-i.irig  siipet'saLm-stior  therefore  exclnried. 
,  ,uii"i  l'ki)njihiiir  occurs  as  n  mineral  in  various  forms,  It 
bust  known  AS  lurqmvge,  which  is  used  as  a  gem,  and  is  coloured 

owing  to  the  presence  of  copper. 

853.   ULtramanne  is  ihe.namo  given  to  a  auVisUHce  of  a  fine  Wn» 

1  which  iv(L8  first  ohtiiined  from  the  laiiis  liizxdi,  in  which  it  occura 

wjih   11  col-oiirlesa  miitri.v,  and    has  bean    used    as    w    Viduable 

L      From  iiiialyaiH,  rtluminiiim,  silicon,  sodium,  and  biiiplnir  are 

to   be  the  chief  cunatituents,  and  ia  1.S38  Ginolin  eueecedL'd  in 

ng  n   blue  dye-etutf  of  the  natuie  of  ultramarine  hy   treating 

ifiu  H~ilh  rilanbor's  salt,  silicic  acid,  and  charcoal.     Since  then,  tha 

lercial   piejiaiation  of  this  ciTloiir,  which   is  distinguished  by  its 

ig«ablenesa  in  light  »iid  by  its  beunty,  has  grown  to  ft  large  in- 
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dnstry.     Kiio-Hn  is   fieiLtiwl  with  (JIauber's  sail,  vr  nCKla,  char.' 
siilphiir,   at   tirsl  with   exchisicjii  uf  air.  and   iLe  duJI-greeri  k  ■ 
product  is  then  mastwi  with  aiilphtir,  with  ac<:«Ms  of  air.  whereupon 
lilue  cutfMir  develops-     A  senea  uf  (liUcreiit.  coluius,  from  itrJ-viulct 
hlu(?-greeii,  is  obUiiiied  by  varyiihg  the  relative  amiiiinta  of  th^  onctiulj 
aubaUiiices  ami  Lhe  methui!  of  treatmetit.     The  ultmmanDe  i- 
ready  for  use  by  washing  with  wat-Lv  mid  iuvi^jHion.; 

Whilii  ultminru-ine  ia  subls  Ui  light  wnci  air.  even  in   the   ]'\ 
u£    linio,    il    te    decomposed    ei'en    by    iwid    uruh,  thereby  lif.  i. 
cnloiirlcas  and  BVolving  mlplmutlrd  liyilrogt-n. 

In  spite  of  its  having  long  been  known,  and  of  tie  techi 
prepanitioij  of  iilt.nim;irii)e  having  Iwei]  pnittiscd  (or  many  year?, 
ubemicnl  nature  of  this  siib-^tHnee  is  imt  yet  clejir.  The  sodiurii  in 
can  be  replaced  by  silver  find  potjisainni ;  so  far  it  l«haves  like  n  bIl 
ItB  foiinula,  huwt-vL'r,  is  not  knuwTi,  siniL'fl  we  have  as  yet  no  niejiiiitf 
ssparatijtg  the  pnie  siibstajjue  from  any  impurities  it  contuina, 

*  556.  The  other  Earth  Metala. — The  elBmente  already 
lioned  which  arc  albrd   to  aliiminiuni,    viz,  acandium,  yttrinm, 
thauurn,  cerium,  prjistoilynunm,  iieodyiiiium,  Biinmnuni,  and  yliirliii 
along  with  ii  nimiLer  of  atill   lees  certain   compatiions,  art^  all  of  th< 
very  rare,  and  occur  only   in  isolated  parts  of  the  earth's  crynt,  k 
licand inavia,  and  in  North  ami  Hoiith  America.     Thuir  propertiw 
siiuil-i]'  to  ihoRG  of  aluminium,  subject  to  the  name  dpviatinns  as 
found   in   the  other  groups,  with  iniireast^  of   the  combining  weigll 
that  iE,  the   (roe  niclids  an^  all  the  more*  readily  uxidi&.-tble  thi!  greal 
their  combining  weight,  and,   in   the   samu  sense,   tho  baees  Imjcoi 
Btrtjnger. 

The  I'vdr'aidrii  ai>e  while,  miioi-phoiis  precipitatee,  which,  howo" 
no  longer  dissolve  in  alkali  hydroxides  ;  the.  hi}|,her  mtiubuis  are  eti 
able  to  form  carbonates,      With  potaa&ium  sulpltatc  they  fonu  doul 
salts,  which  are  slightly  soluble  in  water,  and  almoBi  iiisohiMt-  il 
&:fcesa  of  jrotasaium  siilphatt^  solution.     The  latter  I'ehitviour  ia  due 
the  dimiiuiliun  of  ihe   solubility  by   the  presenrv  of   the  sulphanil 
(p.  4i7K  (ind  ia  by  no  means  n  pccidifir  property  of  thceo  double  mJI 
The  (.■ompoaitiori  of   the  doiibte  saka,  however,  does  rot  corrrajiond 
that  of  alum,  hut  \&  expressed  by  the  foi-nmlH  MK3{S0,)j,.    J'ui  ' 
in  the  higher  members  the  property  of  forming  more  highly  oiriili 
compoutida  or  pcioxides  te  found. 

By  reason  of  this  clo»e  ayretimeiil  in  the  properties,  it  i*  no  i-itf 
matter  to  st-pamte  theso  elemanu,  which  ^pnpntlly  occur  inivt^l  in 
nature,  from  oul'  amith«r.  Nor  are  there  any  methods  of  f>cp,'inilino 
applicable  to  thom  such  as  are  employtd  for  other  analytical  purfuwei. 
kit  one  has  to  be  content  with  jjartial  se[)aration  on  the  basis  of  s!i|[it 
dilferences  iu  solubility,  of  ehemical  eijuilihriura,  and  ofdeconiiKisntiilitJ. 
by  repeated  performance  of  which  the  object  ie  more  or  k-ss  atuined. 
In  fact,  almost  every  investigation  which  baa  been  carried  out  with 
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ti^*'  t hoi'nii}ihiii>'8  fina  shitwii  that  one  Of  ntlier  nf  the  anb- 
lOM  liicheno  leganlud  Ji*  simple  h  a  wixtiiie,  juiii  tho  whfiin  histiirv 
\r  (le>  vlujiniunt  iif  tliis  part  of  chemistry  iiuiy  lie  licsi filiated  iw  the 
,n»l  isulatrm  of  now-  iiKlividiiaU  from  the  trtUl  rnnounu  Jt  is  hy 
nruuth  prolmlile  that  ihcae  aupftratidiis  have  nlreiuiy  rnifheil  a 
tilt*-  o'>nrll]^^l'>ll. 

As  clianwteriBtic  of  the  various  eleTintnts  of  this  ^oup,  thetp  ia, 
:  ol  nil,  ihj!  fomlnniriti  tffii/hf.  By  Bonio  njethwl  itr  Dtliur,  :i  juLrtiul 
.lion  of  till'  mixture  of  siibetaiices  ia  oHectolj  '■,?.  by  imrtiall 
ijiitMtioh  of  thi'  suit  aoliiljon  witli  iiieiitficiunt  nminntiia,  and  tins 
aIiihI  (»  repeatiud  imlil  the  combining,'  weiyln  of  the  fiactioiia  (fbtiiiiiml 
longer  changes  uiL  further  »e|iaratioii.  Aiiuther'  vary  important 
tcrion  is  affnnled  by  tlie  "j'luvt  jtropertiea.  Many  of  these  eleiueiita 
&  very  complicated  apeetriiru  on  allowing  the  elcctrit:  s]mrk  to  pnsa 
carbnii  poiiita  moisti'd  with  aolutiuiis  tii  their  salts.  Hiiicei 
do  given  cuDditioiis,  each  i;iumeiit  puBsusses  a  perfectly  definite 
iKtmrn.  il  can  )»e  seen  ivheilxer  ihv  apectrum  chstig^s  by  prtrlisl 
louji,  Wbert'  this  is  tho  wnae',  iro  arc  cL^rtjiinly  dealing  with  a 
Tbf  higher  mcniU-i-s  a-lso  exhibit  •thu'ori'iimi  sjvCif'i,  arnna 
tlitjni  n\s't  rnii/^i"ii  a/'ri-lni.  The  fcirnier  are  obtained  by  a.llowiiig 
ffcUe  li^hl  to  jHiss  through  aolutioiib  of  thi:  salt  in  •lUCii'liori,  And  then 
liuing  it  with  the  spectroscope.  L>ark  liamls  are  then  seen  m 
jKiaitioiiii,  which  are  also  fliantctcriatit  for  the  diflerent  eleinents- 

•,  the  uxid»!S  of  tb*.'  hiijhcr  mcinliprs,  whiMi  heated  to  iiiKindes- 

ISM,  do   not    emit  r</rit-ijiitcit.i  light,  ns  solid  siib^tancieQ  usually  do, 
tin  etiiitterl  li^bt  ie  fonrni  by  tUv  si>ecti'o»t'ope  to  consist  of  tKulntfil 
nimilar  to  the  light  «f  incandescfiit  >;a9e£.      In  this  uaac,  however, 
ly  tin  tuticb  broader  than  in  tht:'  latter  case. 

Anothor  kind  of  nptind  phenonit^non,  the  importance  of  which  for 
be  rlniracteri^vlioD  of  the  tdemeiit^  has  nut  yet  been  fully  demnn- 
<nicd,  i'OM»!dlH  in  the  j^Ji'^tf^Ji'/cfw-dw  j^rodnvf^d  by  thi>  oitJi'^h'  mt/t. 
nhru  electni-'^l  dischargus  of  hi^h  jMtential  are  nlluvted  to  p&aa 
Imiigh  a  highly  vncuoua  space,  fays  i»f  a  gpfcial  kind  are  emitted  from 
Wcathmje,  which  ai-e  propagated  in  straight  Ibies,  and  which  render 
'""linrjuf  many  mtbslaiices  «-ilh  which  they  come  into  eontact.  The 
liglit  tliiiD  |iriHliK'H]  drUeiaalso  in  ditlcriint  substances  ;  still,  diiTereiicee 
co'iir  it)  lyi.se^^  where  eheinicai  diflt'iences  aiie  unknown,  so  that  it 
^w  not   ajipear  safe   to   drav*'  coiicInaionB  fniiii  the  one   as   to   ths 

&Hndiatfi,  uUriain,  uiid  hiiilhuinttii  yield  colourless  salts,  and  form 
wlj  ooc  ifxid*!,  o(  the  com|>i>8ition  M^Oy  Bcsidefl  the  trivalBnt 
'jclrojiiip  (V(OH)j,,  whose  salts  are  coloiirleaa,  rrrivm  yields  »  letra- 
••ImiI  liydroitide,  CelOH),  (and  a  correBpoiiditig  oxid>',  C'eOaf,  which 
*"' Wma  »idis,  whose  solutions  are  brown.  We  havt^  here,  therefore, 
'w  kindB  tjf  Kint^  whose  chemical  eompo&itioii  is  not  different,  but 
'"Ch  hare  tlitTeront  properties,  depending  on  the  different  valency. 


\    ! 
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General. — MeuUic  imii  wna  not  obtainpd  irom  ils  iKituraJly 
irrin^  oompoiindi^  nL  so  euily  it  dute  as  antne  uf  the  nthr.<r  nifiUila, 
Uy  copper  n.nd  tin,  Tliis  is  duB  to  its  biyli  point  o£  fusion,  ftnd 
ihe  much  gr*Mttn'<litReulty  Id  nhtaining  it  in  the  metallic-  sUilo  hum 
cmnjiouticl^  Thiis,  in  prehi^Lotic  tinier  truii  dtiea-  not  npiHUki'  until 
bcoiuEe,  i.f.  mixtures  conLuiiiiii^  L'op|K<i-  as  essential  eonstitueiiL, 
d  va/*  ftpparently  at  fir^t  a  ^roit  mrity. 
NoiwiLhstJuifling  the  wjtte  distribiitiQii  of  iron,  it  scarcely  ever  occiitb 
tbc  metallic  ^Uttc  <>ii  accouiit  ui  ius  t^^tidency  to  form  coaipoiiiids 
lib  'Jieygpii  anil  sulphur.  The  rhii'f  neeurrern;?  of  rn-eiallic  iron, 
u«]>L  til  somi;  rtktiier  aui-iilciital  avses  throtigli  tlic  iictiuti  of  cb(?niii'al 
conriet'tL'd  iviih  volcanic  aeti*'ity,  ik  in  certain  w/wn^i'S. 
are  masses  which  do  not  uriginiUly  belong  to  the  curth,  but 
lieh,  in  the  t-onrse  of  their  flight  tlirough  spane,  Jippmiieh  socloaely  10 
MTlb  that.  I'winj;  ti>  iitmoaphci-ii-  friction,  they  lose  their  kinetic 
_  which  is  thiTpby  convsilwl  into  hciLt,  ami  fall  to  the  «trtlh. 
'Uwijf  of  lh<'«'  iDiis^es  Oiiiiaist  of  troli. 

lUiMiai  uf  native  iron  »1»)  (kccnr,  ulthongb  nirely  (r.r;.  m  Qfyivak  in 
(iTftinlttnii ),  whose  meteoric  origin  is  doubtful,  althfj^ugh  no  cxplunntioil 
«•  hten  given  of  any  other  possihle  origin. 

Iron  K  a  grey,  tonacion*  m&tal,  which  fiigfs  vinth  groat  difficulty, 
•iilmul  1600'  :  it  combines  witli  free  oxygan  ijuickly  nt  higli  tenii»er»- 
tii»,aliCiwly  at  low  onea.  In  the  he.'it  essentially  conipniin'is  of  the 
f'TDrila  Fe^O,  to  Fe^O^  are  formed;  in  the  cold,  iron  hydroxide 
•*(OH)j  IK  f(>i-tned.  The  hydrogett  iiw*S'«iry  for  this  is  taken  n]i  in  tlie 
*^  o[  Witter  ;  in  fact,  injn  "  nists  "  or  oxidises  at  a  low  tcmpcruttirv 
•"ly  in  moist,  not,  or  not  measurably,  in  dry  a.ir,  Sinw  th«  rust  does 
'ft  ciiSor«.  it  does  not  protect  llie  iron  against  further  oxidalinn 
{jl  S.iB), 

Ali\(l  tciDperatiirea  water  is  decomjiosed  hy  iron.  The  dfcomposi- 
l"iii'i(  u-.it<T  by  red-hol  iron  is  a  cliiasict<I  experiment  (p.  S^l).  Kven 
•ttW  unliniiry  tcmpemture  decomposition  tiikea  place  with  Evolution 
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of  liyrlroyeci,  but  L-xueoilingly  slowly,  nu  Uuu  ih«  evolution  uf  hydr 
can  lie  observed  imly  l>y  using  large  surfaces  (iran   pnwHer).      Ira 
disBolvad   even   by   l.li«   wwikest   ayids,  thereby  passing   into  din 
di/'ciri/m  with  ovolulion  uf  liyiL-ogeii. 

The  L't)iiibiTii[i;i5  woight  of  ii-on  has  baen  foimd  to  be  l'e  =  55'd, 

5t"i8,    Couniorcial  Iron. — C<>mmerd;il  irnii  is  not    pure,  bi 
tains  lip  U)  ;ts  iiiin'h  us  5  pi't-  cent  of  carbon,  which   Ii:ib   :i  very 
iritiuunee    on    iU    pioiJiTtie*,    iind    iilaa    BituiUer   i]ii;iiititiL'3    of 
iin[uiriiie-s.      While  jmrc  iron,  althiiugli  vt'iy  loiiiifious,  is  c>inj|Mr 
soft,  ka  hiirdrieSB  irici'eases  witli  ihn  .imouiit  of  garbon  it  rnnbiini^l 
its  hyhttviour  lit    luwdenitely   hijjh    tein[i«nitiu"Bs  becotnea    fesw-nt 
liifliircnt. 

Tliert;  live  tlirci:  L-liicf  kiuJn  of  eommuifial  Ei'un,  viz,  irwuiH 
sM,  and  ntf!l'ir"il.  ;  till?  first  Conliiitls  tin;  *riiall(?8t,  iht'  last  thft  ll)]l 
amount  of  carbon.  Wmnght-irnn  aiipmxi males  ninai  iifarly  bol 
com]Jositii)n  and  in  pi-opertios  io  p\tr^  iron  ;  it  is  Umgh,  iitit  very 
8.rid  un  being  heated  lii-sl  Ijeeumes  suft  HIcl-.  wnx  nr  snxliiiiii  \* 
molting.  This  pr-oparty  id  of  thu  gceatest  ii[iportjinci>  for  the  twl; 
wurkuig  of  iron,  as  it  [■t'^udera  it  possiWc  t*j  shape  the  int-'tMl  antjj 
unite  different  pieces  without  it  being  necessary  to  raise  the  u<iiip 
ttire  to  the  melting  point  of  the  motal.  On  thoeojitmry,  il  iSHiif 
to  heat  to  the  tcQi|ier,itiire  of  si}flie]iirig;(abiiHt  (iOO''),  aojiH  lu  alt 
object  by  pressing,  rolling,  and  forging.  The  iinitinig  of  thf  two] 
of  iron  by  preasiire  (hamnienn^)  is  ciiflad  ivflding.  The  temj 
nei^tSBiiry  for  tliia  is  bright  red-host, 

Tht'  properties  of  wro  right -iron  do  not  undergo   csaontial  eH 
when  it  is  heated  and  .suddenly  eooled.     The  character  of  *irri, 
evor,  depends  in  the  hiyhcat  degree  on  such  treataiiinL. 

Steel  is  iron  whieh  eontjiins  from  OK  co  '2  5  per  cent  uf  cu 
but  in- otherwise  JW  pure  as  poasiblo.  The  earlHm  is  H-'hitimifslly  i 
bined  ivitli  the  iron,  and  this  carhiiretted  iron  or  iron  carhidi"  Fa 
allovi-d  n-iih  the  rest  of  the  iron.  The  reyiilt  of  tho  prosrnw 
foreign  aubsljince  is,  in  the  liret  place,  »n  appretiable  sinking 
melting  point;  at-  1400'  sieel  is  lii|uii.l  and  eaa  be  east.  Cait-el* 
a  nictid  conisistin^  of  line  crj'Bliillint;  grains,  which,  like  wr(ni;^bt-i 
softens  beforu  melting,  and  ran  thorefore  lie  forgind.  liy  such 
meiit  stOL-l  acqiiit'OB  u  fibrous  or  sinewy  chjinictur.  similar  Ur  wrou 
iron.  If  tlie  steel  k  made  red-hol  anil  then  suddenly  cuoIdJ,  it  1 
brittle,  and  at  the  same  time  ac(|nireB  its  highest  degree  of  bn 
It  is  then  so  hnrd  ihnt  it  scnitt-bes  glass,  and  iw  lion^ce  efdli-d  -jlntsi 
If  this  steel  is  iij^tin  tarefully  heatcfl,  all  degrees  of  hanliieso  c.iB 
iiDparteil  tu  it,  for  it  increases  in  softness  the  hiiigei  or  the  higba 
is  heated.     This  proce«a  is  culled  the  lfiuf^riii<i  of  steal. 

Aa  an  index  of  the  degree   of  tampei-iiiji  to   be  att-tiiiwl.  iiw 
been  mnde  fi'oin  olden  times  of  the  co!our!«  which  »  bright  steel: 
Requires  on  t>eing  he'i-ted.     At  about  220°,  the  metal  Ix'gina  to  oi 
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with  a  mcneiirahle  velocity,  and  the  ojridc  prrHhiced  fnrmB  n 
!)<:  on  rhe  mebil.  If  the  tbirkii[;»s  iif  Lkis  ciKitiiig  is.  nf  i.he 
i  wave- length  nf  h'ght,  the  coirespoiitliiig  intcrfiii-otifo  colours, 
mlonrs  of  thin  pl.ttes,"  begin  to  apjiciir.  Since  r.he  shnrtest 
lilile  waves,  th<i  ■violet,  is  fifst  cxlin^iiehuil,  the  fiist  Ijinikk- 
I  ApiMwr  is  ibt'  fOTiiplementan-  coluiir,  pulu  alraw-yclluw. 
thrmi^h  tbe  cvluiirs  orange,  purple,  viitlct,  bhie,  und  finally 
grey.  To  cfich  (if  thcae  colmira  there  cnrmaponcls  a  definite 
hardtiHBa  nf  the  sUiel.  Stoel  for  UmU  townrk  inMi  is  allowed 
llie  T'llliiw  stjige,  for  brass  the  purpl L>-rcil  sliiHUi  while  tools 
ur«  jilluwed  u^  hecome  liliie.  Although  colour  inid  hardness 
u:t3y  isnTefiiX)nd.  still  the  correspiindcnce  in  siitftricnt  for  an 
il  workman. 

t  utility  of  steel  in  the  arts  la  Jiie  lu  tlie  ilivereity  in  the 
hunliiesB  whith  it  ain  iicquire.      In  the  scjft  Btjitt*  il  eiin  Ijb 
any  desired  form,  and  the  shvtped.ohjctt.?  am  then  lie  bnm^ht 
igrtK?  of  hjiuliiess. 

ia  only  in  recent  years  that  the  theory  of  Icnqxiiti-i  \\us  hccn 
r.  Iron  carbide,  Fe,l',  mentioned  abovi!,  i^  not  only  itself 
rd,  hilt  it  forme  with  pure  iron  a  lioningeiieoit^  mixture,  il 
^tiun,"  which  is  also  hard;  so  much  the  less  hard,  the  less 
cmitHins.  If,  now,  siK-h  a  e»lid  Niliitii'ti.  cniieietingut  higher 
res  of  carbide  and  iron,  is  fJtmiii  conSed,  it  breaks  up  at  ahoiit 
I  pure  iron  and  iruii  carbide,  which  exist  aa  a  con^loinerAle 
ade.  Since  pure  iron  is  soft,  it  im[wrtg  thia  property  also  to 
ore. 

lowwver,  the  cooling  is  performed  rupiiHi/,  the  breaking  up  of 
solution  does  not  occur,  and  the  lattiT  therefore  preserve*  its 
The  solid  solution  hereby  becomes  nietast»ble  or  to  a  certain 
lpi'nHi(*il-iit«d 

U*  explains,  in  the  first  phiee.  why  i|iiejiched  aleel  is  haiil, 
wly  cooltfd  st«el  is  soft.  The  tem/M-iiiiii  of  hurd  steel,  now, 
the  s(;parntion  of  the  solid  solution  rnto  it*  two  eonstitiieuU 
Bleration  of  the  temperature,  the  sq^iratiun  uceurring  all  the 
idly  the  higher  the  temperature.  By  sudden  cooling,  the 
the  mixture  altainod  at  «ny  poiut  is  preserved,  Mnce,  at  the 
temperature,  the  velocity  of  rhauge  la  imuicsisunihly  small, 
ding  di'grpe  of  hai'dness  is  then  olitoined. 
con  side  rat  ions  alsfj  make  clear  the  fact,  learned  by  experi- 
lial  the  t«m|>er  depends  not  ordy  on  the  tempeniture  hut  id»o 
inif,  in  such  a  way  thiit  »  lower  tenijieraturr  for  a  lonj;  fierioil 

nie  effect  aa  u  higher  temperature  for  a  ehoru-r  lime, 
tempering  can  be  carried  out  in  one  opei-atiou  by  appioprintely 
.to  aljuive  fi7Li"  until  the  desired  mixture  of  iron  and  '^olid  boIii- 
fliiiiilibrium  between  which  alters  with  tlie  tpni^prraturel  is  pro- 
then  tixing  tliiEJitHte  by  suddenly  coolinj,'.     The  teniperMtiire 
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(if  tiyllfJifoii,  Init  (;xcefi(]in;jly  slowly,  s»j 
I'MH  im  oliiwrvKil  (iiily  l>y  imiri;;  Lirge  ki 
iIiimoIvikI  itv»ii  ))y  tliu  wcjilctNst  :iei<ls, 
ilifrrrloii  with  Kvoliition  of  hydroj^eii. 
Thi!  <Miiii  billing;  weij^ht  of  iron  \\a%  h 
ri.'iN.  commercial  Iron.— C'cmntm: 

tiiiiiH  i)|»  Ui  lut  iiiiK'h  fiH  ■'>  iKT  cent  llf  < 
iiiHiioriui^  on  iu  proiicitivt,  Jirid  Am 
iiiipiiriiicH.  White;  jmre  ii'ijii,  ;ilth(iiig)i 
wift,  it-K  hiinhicHH  iiH^riMiscri  with  the  :iiii 
ilH  hnhnvioiir  at  iinKlorat^-iy  high  tei 
liiffi'ivtil. 

'rhiiit!  itit^  thn-u  rhicf  kinds  of  coi 
s/fv/,  imil  ni^t-iriiii  ;  the  Ui-mI  c-ontiiiiis  tl 
Hiiiitiml  of  ciirlHiii,  Wi-oufiht-iniii  A\i\i 
»)tii]HtKiti[iii  iiiid  ill  jmijicrtii's  to  fnu'e  ii 
Hiitl  on  liciii^  hc.'itiHl  lii'st  hocomo^  si 
Itiolling.  Thix  jmiiHMty  is  of  thf  j;tval 
wiirkiii)!  of  ii-on,  as  it  roiuh'i's  it  ))o.-<t:ih 
unite  lUttinvnt  piivcs  without  it  U'inj;  i 
tuiv  lo  lln'  nu'liing  jioint  of  tho  im'tal. 
u>  ht'sit  to  Iho  toniiH'iMtmv  of  sofii-nin:; 
oUj»H't  hv  ]iiv.<siiij;.  mliinj;.  jtinl  foij:ini; 
uf  ii\>n  Uv  pivssuri-  thiuuiiu'rinj;!  i^  cu 
iwHH»»sary  fi>r  this  is  bright  ivd  he;tt. 

Tho  [iroiHTtios  of  « roiiizht  in>n  do 
wht'li  it  is  ho;»I(>l  and  saddonly  i\>i*liHi 
ovt*r,  di'|K'nds  in  tin-  hi_i;hi'st  dei::vt'  on 
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necessary  for  ■oHt4iiii"i;  a  definite  degree  of  har-iness  depends  oo 
amouut  of  cfLrboii  presi'til.     if  tliis  is  known,  tlie  tempcraLiiri' re«( 
to  proiJiice  fk  given  d*gi'ei?  of  bjKiliiess  tan  lk>  <i<»(;i(l&J  liofnrchanil. 

If  tht'  iiiiioiint  ui  air'lwjii   increiisea   to  from   4    tc.  it   per   L'rnC. 
mtfltiiig  i*oiiit  of  till!  iron  beermies  Btill   loivt-i',  ami   tho  nicliil  Uim 
tougliiictM  Mild  the  puwer  of  fLSsiiming  the  Hliroiis  Lunditiuii,  Iptil  il 
retiLins  the  power  of  being  tempered  tu  &  certain  degree,      Such 'iron 
called  '''itil-irifit.. 

Tw-n  kinds  of  cast-iron  are  distitiguiahed,  whUe  nnd  fr^fv. 
formor  ia  olit^iiiied  by  iniickly  cooling ;  it  is  very  h^rd  uiid  ci' 
and  totitfiins  th«  jJi'oatcr  |>art  of  its  carbon  chemically  entiii 
oiHiidc.  Wlien  the  cwaUiron  ia  aiowly  cooled,  part  of  the  eu\im 
separJCPa  out  in  fine  liimiiife  aa  ijnipMU,  which  imparts  ii  y^rey  wt«i|| 
to  the  iron.  At  tho  «imt^  time  tlie  metal  Ifeuomee  lees  hard  ami  irrilll^ 
and  llm  jrrain  finur.  In  this  foiiditioii  wist-inm  is  ust'd  for  ULimmenU* 
pijrjH.isc-s  M'here  eiise  in  thi;,shii|)i]if;  of  ih*  nbjert  by  casting;  has  to  it 
taken  into  iiei^nnut,  iitid  vi'here  the  i^nialler  reififitiiiicc  of  tho  meul  t^ 
pullijLg  strain  and  Ijieiidin^  is  no  essential  d['Hvvl»ai:k.  i 

S.'tU.  Tbe  Ions  of  Iron. — Iron  forms  twit  ktiida  of  el^imeiitA?? ■ 
wull  fts  a  liirge  niiudmr  of  L-omplex  ions  (.■ontjiJiiing  other  elem<;nteiilca|| 
with  the  iron.      We  sh«ll  in  the  tii-st  place  tr'flHt  nf  the  former.  ij 

Thi.'  eluinentiiiy  ioiia  of  iron  »re  di-  anil  tiivulent  ;  tliti  fericiiT  if| 
emlled  lU/Vrri'irt,  the  latter  (rijeiruni,  and  all  tlie  c<)[n|toniidFi  which  »r« 
derived  from  the  former  are  desiiiriatt'd  fernms  ctjmpoiindd,  in  vmitn- 
distinction  to  those  derived  from  the  latter,  which  are  designated  Icnil. 
^  GomiJOiiiirla.  The  ferrous  compounds  jmasess  a  einiiUi-ity  to  tlic«  m 
magnesium,  tiie  feme  to  those  of  aluminium.  j 

Ih/r-niun  in  the  pure  state  in  alnioet  colourlesfi.      Most  iif  Uie  «ll»| 
whii'h  rantNiii  diferrion  esliiliit  a  greonieh  colorKtiori,  whit-h  is  iiBiulIt 
regarded  us  that  of  the  diferrion-      It  apj>eiir8,  however,  to  be  dtw  fc« 
tht;  greatest  piti't  to  tho  presence  of  a   tnu;e  o'f  triterrioii,  mukv  <k'i 
coloured  couipound-'i  of  the  tv>»  e.mt  whivh  even  in  very  scoail 
proiiuco  the  green  colomtinii. 

•  Allhnuch  •iifcrrvH  doea  not  abtiorh  the  visible  rapys  to  wiy 
extent,  it  altsorlifi  those  of  ijrfiU  wave  length,  the  ultra-red  or  the 
/'(iVi  in  a  very  pronoUiK'efl  degree,      A  vfBsel  with  |>iifallcl  walls, 
with   the  solution  of  a  fcrnni*  aalt^  is    the   moet  effective   mm 
freeiiin:  lijiht  i-itya  {■■.ij.   in   projection   apparatua)  from  the   dark 
ruye  which  are  present,  and   thus  of  avoiding  the  harmful  heMinj 
tho    objects,     The    same    property    ia    posfBeaaed  by   glass,  conuii 
ferrous  .tiliMte, 

I>ifi!rriou  has  an  "  inky  "  tsiste,  t.«,  the  tA«t.e  of  ink  ia  Awt  to 
presence  of  iron,  which  is  chieHy  in  the  form  of  difernon. 

The  aaltfi   of   diferrion   are,  as  alrejidy  meiiltoned,  very  siiniUl'] 
those   of  magntsiim,   and   arc   in  many  ntaca  iBomorphous  with  the 
like  the  aolntiona,  they  have  a  greeidsh  cohiui*.     The  general  reoiiii 
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fAct  that  ttiis  ftUt 

i\ii:  imiii  01-  iron  siil- 

'ht  Ii(|iii<l  till  it  tJ-jstftl- 

•bcr  tray.      Iron  siijphide 

^1  tti<i  moist  state  thia  is 

into   ferrous  auljhhjito, 

pr^     The  i"ock  containing 

JlO  the  air  juid  moiatenetl; 

r,  Farge  fjiiantities  of  forrotia 

lis  mmiiod  of    preiuiration  is 

Um   to  use  lh«  iron  vitriol  for 

r«r  "oil  of  vitriol"  from  iron 

10  air  or  "roaat&d,"  whereby  it 

>iilplmte  :     4FeS0,  -(■  O^  +  2H^0  = 

('this    latti?ir    salt   lieeompoaes    into 

ferric  oxide,  in  accordance  with 

?,  + H^SO^  +  SO^,       The     resiiJtitig 

^phiir  trioxide,  on  iiccount  of  the 

niutEb  siir  (p.  286);  it  therefore  con- 

Jncid,"   in   contradistinotion  to   the  non- 

Hanrl*!]]  chambera,  which  does  not  contain 

iti-^  -itid  WHS  prepared  in  fairly  large  qutin- 

\iUK    Llarz,   it  was   also    ciilletl    Nifn/liiiH:^'n 

method  is  no  loiigtir  used,  as   the  niaim- 
by  the   contact    method    has   completely 

ito,  ftirrous  sulphitte  unites  witb  potassidm 

[iiorphoUH   with   this,    to   form   mojioclinic 

'type    K._,re{M0j)..611„O.       Tho   m^wmiUfti 

TT„0,  wliich  crystidlises  well  and  does  not  oxidiae 

jiulyis  (ff  Manganese). 

roua   Salts.  —  rcrrms  rhlmidr,  FaOl^  is   a   Kalt 
»8':>lnlpip  in  wnter,  and  which  in  solittioii   rapidly 
the  lalioratory  'l  's  obtained  in  hirge  quantities 
ieulphuretted   hydrogen  from  iron  sulphide  and 
concetiti'atin^  tho  solutions  it  is  obtained  in 
liah  crystHls  contjiining  6H,,0,   which  very  readily 
the  air  with  brown  cmsta  of  liasic  ferine  salt. 
^de  is  obtained  in  the   anhydrous  etata  by  heating 
it  of  hydrogen  cbluride,      Tho  latter  is  dernnipri&ed 
Sf  hydrogen,  and  tho  ferrous  chloride  auhlira&s  Utt. 
tin   whi[«-groy,  lustrous  seiilcs,  which  feci  like 
It  dissolves  in  water  with  great  evolution  of  Iw 
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from  it.  Tlie  ra-tction  SFel^- 1^  =  SFgI,,  therefore.,  does  iiol 
place  completely,  l)Ut  the  teveree  reaction  tan  also  occur  to  & 
extent.  If  the.  io<iiin^  in  removcil  from  the  eqiiilibriimi,  the  reve 
reaction  must  take  place  mo^'^?  and  moi's,  antl  ferrous  irxiide  mu 
ultimutely  remain.  The  reaction,  however,  becomes  incrcasingly 
cult  the  moivj  iodine  ia  removed  from  the  solution. 

Writing  the  ions  whiL-h  Jire  present,  thi'  eqimtioD  runs  2Fe'" 
21'  =  2Fb"  ^1^  and  the  reader  may  bo  rrferrod  to  the  considenil: 
set  forth  on  p.  5'ii. 

*  This  rwactiofi  is  used  for  analytical  purposes  for  the  separalid 
of  iodine  from  chtonnc  and  hromine.     For  this  pur|)09e  excess  vH 
ferrie  salt  is  added  to  a  Boliitioii  containing  the  lialcigena  na  ions,  j 
the  liquid  is  distilled.     The  ioilino  then   piisaea  oil'  with  the 
while  the  hronLidion  and  chloiidiori  remain  behind.     The  vulalila 
iodine  is  alisorbcd  in  a  solution  of  potaasium  iodide,  ami  titrate*! 
thiosnlphate. 

*  A  mixture  of  ferrous  and  ferric  iotlides  ia  obUiine*!  aa  a.a  int 
mediate  product  in  the  preparation  of  pota.>isiiim  iodidn.     lodin* : 
iron,  in  the  proportions  3Fe  :  SI,  are  mixeil  with  water,  whereby] 
is  ttissnlved,  and  the   solutitm  is  precipitated  with   caustic   alkali 
potassium  carbonate.      T'oljiFsiuni  iodide  is  foiined  in  The  s'.ilulion. 
the  iron  is  deposited  as  the  l-lat^k  feiTosoferric  oxidr  (p.  !>S2),  wb 
«an  be  more  eaaiiy  filterpd  and  w-a.sbed  than  the  other  oxidea  of  ir 

567.  yerric  Fluoride,  FeFj(,  is  distingiushed  by  the  fact  tbxil 
ia  extremely  slightly  diatiociated  into  its  ions,  and  does  not,  ihenifQ 
exhibit  the  renctions  of  triferrion  iind  fliioridion.     It  is  a  diflicB 
soluble,  white  compound,  which  fomiH  with   iho  alkali  fluorides 
pounds  of  the  tyj>e  of  cryolite  (p.  56ri),  constituting  the  alkali  eslal 
a  Lrivwlent  fluofoiTaiiion,  FeFu'", 

568.  Ferric   Sulphate,    Fej{SO,).p   ia  obtained   by   adding 
solution  of  ferrous  sulphate  half  iw  much  sulphuric  acid  aa  is  the 
contnined,  and  evaporating  the  solution  with  addition  of  nitric 
(to  oxidise  the  diferrioii  to  triferrion).     After  heating  the  residue 
ia   finally  obtained  a  yellowish- white  (wwder,  which  apparently  do 
not  dissolve  in  water.     If  left  for  eonie  time  under  w;»tor,  howcs 
it  dissolves  in  abundance,  and    fairiy   concentrated   solutions  ean  > 
prepared.     It   is   n  salt,   therefore,   which    has  a   very   small   Wii 
tvloaly. 

The  solutions  appear  browii-red,  but  the  eolotir  19  all  the  paler  1 
more  frwi  acid  is  added.     This  is  duo  to  hydrolysis,  which  is  diminia 
by  free  acid.      The  hydrolysis   again  incroases   when  the  solution^ 
greatly  diluted. 

Ferric  sulphnte  cryslflllises  along  with   potassium    or   ammon 
aulphiite    to    form    alums,    which    iire    called    ina   iilums.      The 
orystalliaes  in  oetiihedra,  which  generally  appear  violet  (probably  m 
to  the  proaenco  of  a  t]ficc  of   manganefle),      \\'hen   piu-o   the  silt 
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CoUmrUss.  tinged  witli  yellow,      Iron  alum  is  generally  liscd 
it  is  nctessary  to  employ  a  ferric  salt  in   cases  where  ferric 
loride,  for  some  reasftii,  Cfiimrtt  He  used. 

SGD.  Ferric  Thiocyanate,  Fe(SCN)^  is  exce&linyly  solublo  in 
*<r,  nn*l  in  the  iindissodfiU'd  stat«  is  of  a  deep  rwi-limwn  colour. 
.0  Ginnllesl  ;imoiuit  of  trifemon,  therefore,  can  he  detecteil  by  udding 
excvss,  nt  thiocj-inmiiion  {'^.{f.  potaasiHin  thJopJ'aiiale)  to  the  solution. 
nee  the  reaction  is  rhio  to  the  tmrli^sociuted  ferric  thiocyauate  (for 
Ith  thiocj-ananion  Jintl  trifcrrion  are  coloiirleita,  or  only  slightly 
Duml),  it  wil],  cficm  .pariliiDf,  he  all  the  moi-e  distiaict  the  greater 
amount  of  the  unriisaociated  compound  present. 

*  This  object  is,  in  the  first  instance,  ftttai]iiMl  by  a  large  excess  of 
Bioeyannnion.     If  to  h  sohitioii  cont-arning  only  a  very  little  triferrioii, 

y  nil  eiiuiv.'ilent  amount  of  thiricyaii anion  is  ikdded,  iho  coloration 

ndueeil  is  very  feeble  5  it  becomes  more  pronoiiiic&l   the  more  the 

intratiuii  uf  the  thiocyiiincinion  ia  increased.      Further,  the  reaction 

aes  more  distinct  if  the  liquid  ia  shaken  with  ether.     Farrie 

iocysnate  in  the  iindisaociatGd  state  is  soluble  in  ether;  the  undis- 

Ciiletl  portion,  therefore,  passes  for  the  gre-iter  part  into  the  ether, 

^^■ft  amount  of  the  compound  is  farmed  in  the  aqiieouB  fiohition,  and 

^^Iho  goes  into  the  ether.     When  equilibriunk  is  finally  est^ablished 

in  is  much  more  iindiaso'ciatied  feiTic  thiocyannte  in  the  ether  than 

Ere  was  previously  in  the  aqueous  solution.     An  a  consequence,  the 

Ibdtivcnese  of  the  reaction  is  correspondingly  enhanced. 

"  If  a  concentrated  solution  of  Bodiiim  or  ammonium  sulphate  is 
Idod  to  a  liquid  coloured  red  with  ferric  thiocyanate,  the  red  colour 
IBtniH  weaker,  and  finally  disappears.  This  is  due  to  the  fact  that 
ring  to  the  presence  of  a.  large  amount  of  aulphanion,  the  triferrion 
lUed  up  for  the  formulion  of  undissaciated  ferric  sulphate,  which  is 
Dt  cn>iour«d.  The  salta  of  monobasic  acida  do  not  act  so  strongly, 
nee  the  ferric  salts  of  the  polyliaBic  acids  are  generally  much  less 
■»ciat«d  than  those  of  the  monobasic  acida,  riuoridcs  act  very 
rongly  (irf,  p.  584). 

570,  Other  Ferric  Salts.— />rji>  uri-inti-  is  an  iiuswble  sidt,  tho 

Aarinur  of  which  is,  for  jma-lyticfll  pur|K»si!a,  of  interest.  If  sodium 
Dttaie  (or  ncetanion  in  any  other  form)  is  added  to  the  sohition  of  n 
nic  salt,  the  lic^uid  becomes  dar-k  red  in  colour,  owing  to  the  forma- 
m  of  vruiuaa^Uii  ferric  acetate,  This  reaction  k  used  aa  a  reagent 
ic  acid,  but  similar  colorations  are  produced  by  a  number  of 
Miion^  so  that  the  reaction  is  not  unequivocal.  If  the  red  Bohi- 
i»  hcAteil  it  iHiCoinea  turbid,  and  a  precipitate  of  Iwistc  acetate  is 
hich  contain.-)  aJl  the  iron.  In  this  way  iron  (in  the  ferric 
)  can  be  precipitated  from  acid  solutions,  which  is  of  importance 
nuity  separations. 

*  Jf  the  liquid  ia  again  allowed  to  Irecorac  cold  in  oontact.with  the 
tpitat«,  it  slowly  regains  its  red  colour,  and  the  iron  begins  to  pass 
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into  solution.     Wben,  thcroforE,  an  exact  separation  ia  required.  I 

precipitate  must  be  filtered  hot. 

"  The  explanation  of  this  i-eiiction  is  the  same  as  in  the  c:ise] 
aluminium   a.cetiit(!   (p.  5G7).     Siiicn!   ticotic  ucid  is  a  we^k  ncid 
bydrion  of  which  is  still  further  diminished  by  the  excess  of  sect 
from  the  sodium  acetjite  added),  hydrolyais  largely  o<:*iirs,  and  io ' 
heiib  thia  goes  so  far  that  ferric  h>'Jroxide,  or  Ijasic  neeljito,  in 
pitiited.     The  ravorsa  process  t-ikoa  place  at  a  lower  t^mporiLiiu* 
account  of  dimimition  of  hydi'olyaia. 

571.  Ferric  Phoaphate,  FePO,.  ia  precipitated  from  a  Bolut 
of  a  fenic  »alt,  acidtlieil  n'ilh  acetic  acid,  by  the  addition  of 
phosphatG,  SM  a  white,  »limy  precipitnte  which,  unlike   most  of 
other    phosphatcB,   la   not   appreciably    soluble   in   acetic    acid. 
properly  ia  also  made  use  of  in  analysis. 

572.  Sulphur  Compounds  of  Iron. — If  iron  and  sulphur 
heated  totri.tliof  n  lilack  inaas  of  iho  composition  FeS  is  fornii'd, 
we  have  already  got  to  know-  as  the  starting  substance  in  ihn  proj 
tion  of  sulphuretted  hydrogen.  The  compoimd  c»ii  be  prepared! 
any  desired  amount  by  raising  the  end  of  an  iron  bar  to  a  rcd-i 
lowering  this  into  a  lai'ge  crucible,  and  adding  sulphur  in  lutiijfs. 
two  elements  combine  with  ao  great  a  rise  uf  t-eniperaturt."  Lh.il 
iron  sidphidti  i^  nu<Ued,  and  the  pre]  ui  rat  ion  i';ni  1m>  ediitintied 
ainmltiuieously  adding  more  sulphur  and  pushing  the  iron 
farther  in, 

*  A  liydrated  sulpliidc  of  iron  of  a  black  colour  is  formed  wl 
sulphur  and  in.>n  Hlin^s  are  mixed  in  the  jiroportiona  32  ;  56,  nnjist* 
with  water,  arid  allowed  to  stand.     The  reaction  commences  «lc 
but   is   ac  eel  cm  tod  by  the  heat  pixidnced,  and  iu  the   casf*  of 
quantities  )t  may  be  So  violent   that  the  nia?B  beoniea  incunde 
8nth  experiments  were  formerly  often  wade  Jii  imitation  of  \-aIe 
phenomena.     Since,  huwover,  the  lava  of  the  iiat^iral  Tolcanoea 
lint  consist  of  iron  sulphide,  it  is  only  a  case  of  ex.ternal  resemW.inc 

Iron  enlphide  k  rc<idily  decomposed  by  adds,  with  forniatioii; 
ferrous  salt  and  M)yhur>:tled  Inidnidcii  |]i.  273),  and   it  is  therefore 
formed  when  sulphuretted  hydrogen  i^  pissed  into  solutions  of  fer 
isallB.     Tiy  moans   of  uninwtittim-  xiilj'hUU;  however,  a  black  prftipil 
of  hydrated  iron  sulphide  is  fornie4  in  feirous  solutions;  when  fis 
divided  it  appeal^  groen-black,  and  forms  a  very  scnBitivo  rmctiou  1 
iron.      Iron  sulphide  rapidly  oxidiaea  in  the  air,  feiTons  t^tphuu 
first  fonued  (p.  57iS),  so  that  it  cainiol  be  washed  on  ihe  filter  wit 
beginning  to  dissolve. 

Iron  sulphide  occurs  native  aa  moffiielk  ptfriieg  in  yollow-hr 
masseK,  with  a  metallie  lustre.  These  hav*'  very  nesirly  the  ei.tniposil 
of  thfi  simple  iron  sulphide,  but  always  cont.ain  a  slight  excess  of  sul^ 
How  this  deviation  from  the  law  of  constant  pmportiona  ia  lo 
interpreted  has  not  yet  been  explained. 
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tr  b«Ion^  to  the  vext  group  :  this  is  due  to  the  iaet  thftC  this  snlt 
also  jtinislU-  istimorpboiia  with  the  olher  vitriols. 

Iron  vitriol  can  be  pT«piure(l  by  dissolving  metallic  iron  i>r  iron  buI- 
Ude  in  dilute  sulphuric  acid  ami  cvaporuting  the  liquid  lill  it  t-ryiiUiV 
It  is,  however,  ueually  oMained  iii  iiiiother  way,     Iran  stiljihiite 
:nn  wry  witlely  distributed  in  natiiiv.     In   the  moiet  emte  this  is 
]i«.Hi   oil  (.-ontfict  with   oxygen   and   {Jiksses  int^.)   ferrous  gulpliiitit, 
ling  to  the  equation  FeS  r  20^  =  FeSO,.     The  rock  coiiuiiiiii^ 
sulphide  is  therefore  spreiid  out  exposed  to  the  air  and  moialviiod; 
a  short  time,  by  ejctracting  with  wnter,  lur^e  qiiuntitiea  at  ferroua 
lie  can  be  obtained   fi'om    it.      ThJH  method  uf    prepiinition   is 
cboap  that  it  M-as  fomieiSy  the  custom  to  use  the  irtjii  vil-Hol  for 
■  prepoiation  of  sulphuric  acid. 

•   In  (jrder  to  obtniiL  sulphuric  .icid  or  "oil  of  vitriol"  from  iron 
al.  the  salt  was  first  beated  in  tbe  air  or  "ronsted,"  wheri'l»y  it 
converted    into    basic     ferric    eulphalc;     4FcS0,  i- 0.,  -  211^0  = 
)|(0H).       On   being   heated,    thia    Ijitter    SEnIt   decomposus    iiiUt 
horic  iicid,  sidphur  trioxide,  iitid  ferriu  o^^ide,  in  ncoonlaneo  with 
w|uation    ::FeSO,(OH)  -  Fe^O^  +  H.,SO, -r  SO.^.       The    resulting 
tart:    of    sulphuric  iicid  und  sulphur   trioTcide,  on  account  uf   tllu 
'!^rr  nf  the  Litter,  fumes  in  moist  nir  (p.  2HG) ;  it  thorofort'  con- 
"  fuming    sulphuric    iieid,"   in   c^ntriidistiiittion   to   the  uon- 
.itid  pre{Kire<i  in  the  leaden  chambers,  whieli  dfiim  nut  cotitain 
Since  Ihie  fuming  acid  was  propared  in  fnirly  lurgf  'lUim- 
M   NordliiuTsen    in    tlie    Harz,  it  was    idso    callud    Nirrdhitnvn 
ic  '"-id. 
At  the  present  lime  this  method  ia  no  longer  used,  tw  the   mimu- 
fhetoh;  <)f  eiilphur  Irioxide  by  the   contact    method    hna    comploU'ly 
Iwated  all  the  othors. 

Like  magnesium  sulphate,  fiirrous  sidpliate  unitea  with  pntR«»iunt 

Molfihati!   And   the   &idt:^   i-somurphoiis   with    this,    l-n   fnrm   monii<:linic 

siiljitulee   of    the   type    K,Fo(SOj)., .  6H„0.       The   nmvumi^iii 

Nli,l;Fe(SO^)„ ,  611,^0,  which  crystjUlisea  well  and  dom  nut  oxidiw; 

iUT,  is  u5od  in  /uialv^fis  fef,  .Manganese). 

'K3.    Other  Ferrous  Salts. —  Frrr-m  rhlmide,  FoCl^  is  a  nitlt. 

is  rer>-  reailily  soluble  in  watar,  and  which  in  aolutioii   rnpijlly 

laodiHi  in  the  air  :  in  the  l.iltoratnry  it  \s  ohtiiinud  in  litrgo  qimntiticn 

thft  prrpumtiou  of  fiuJphurett-i.il  hydrogen   from   iron   sulphide  and 

'"ric  acid.     Un   conccntr.itin(^  the   solutions  it  in  uliluined   in 

■r   of  gi-ceniwh   cj'yB.tiils  cojitJiiiiiMg  OH^O,   whieli   very   readily 

beuanie  coated  in  (he  mv  with  brown  eruHta  of  liatsic  feme  nalt. 

Fefruus  chloride  ihi  ubtjiijied  in   the  anhydrous  Ntjite  by   iiuiiliii|{ 

in  a  Giin'cnt  of  hydrogen  chloride.      The  latter  is  derompnoe^l 

Ulwnitinn  of  hydrogen,  and  the   fttmiuii  chhiriilv  Rublimeii  at  a 

il  rrd-Lfjit   in   white^grcy,  liiatrnus   scidcs,  which  feel   like  laic. 

laithydruiis  salt  diBoolvea  in  water  with  great  evolutron  of  heat. 
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Cfjiictriiing  friTO'U  bromide  tLxid  frrrnris iodid';  there  is  ituLhiiig 
to  note.     The  aqueous  soliiLJoas  of  these  sulu  are  readily  otlaini 
bringing  the  free  hulogens  together  with  excess  of  metallic  iron; 
salts  are  very  re^lily  soluhle. 

Ferrous  iviHionnft,  FeCO^,  occurs  naturally  as  a  ^lilunble  iron 
spilJiic  iron  ore.      It  crystallises  in   rhomboSitdni.  which   are  ii 
phoiis  with  those  nt  calc-spir  and  of  niat-niiaite;  in  the   pure 
is    ahii'igt    colourlGss,  but    is   ponerally  coloured  yellow-brown 
iuiAipiiint  oxiilalion.      From  aiiuuoiis  sohuioiia  of  ferrous  Siills 
carbonates  precipitate  it  aa  a  greuiiiab-wbite  anbstance,  which 
disHoU-eE  in  nt^ids,  with  ertervesceiice,  and  which  iilso  iiecomes 
rapidly  brown  owing  to  oxidation. 

5(53.  Ferric  Hydroxide.— Ry  tlie  addition  of  bases  to  boIui 
of  ferric  stilts,   ferri;;   Lydruxido^   Fo(OH)3,   is  obtainmi   ns   it  I 
flocculoiit  proeipitatej   ^I'hich  is  veiy  slimy   when   prpcipilated  i 
J       cold.      If  the  liquid  is   bcateil   aluiig  with   the  precipitate,  the 
acquires  r  firmer  character,  and  can  be  readily  filtered. 

Ferric  hydroxide  is  a  very  wCak  base,  and  is  pratrtically  inAoli 
in   water.     In   acids  it  is  soluble  when   frt'elily  precipitated,  nnd 
has  not  been  iR'attrd  :  it  passes,  however,  into  le^a  euluble  foruiE 
on  standing  for  some   time  in   the  heat,  partial  aidiydride  fori 
presumably  occurring.      On  being  he«te<l  to  a  red-hoat  it  los«* 
and  is  converted  into  ferric  oxide,  FdjO^,  according  to  the  oqii 
2Fe(0H}s  =  FsgOs  +  3H,p.    This  ignited  iron  oxide  is  almoRi  i 
in  acids,  and  passes  into  sohition  only  on  being  warmed  for  da; 
concentrated  hydrochHoric  iu-id  ;  it  disflolvts  more  quickly  whoa 
at  the  same  time  reduced  to  ferrous  salt. 

Ferric  hyilro-vide  possesses  the  property  to  a  very  high  degrotrf 
fomiiuy  tvUoiihii  soluiiims.  These  are  ol.itained  by  dissulving  frcably 
pr«oipitatfid  ferric  hydroxide  in  a  concentrated  solution  of  fetW 
chloride,  whereby  soluble  basic  salt*  are  formed,  and  dialyaiii^  ihii 
through  a  partition  of  parchment  piper  into  |Hire  water.  The  a(|iiiy>iw 
soluliona  of  ferric  chloride,  like  those  of  all  other  ferric  s;ill«,  urt 
partially  hydrolysed  into  free  acid  and  colloidal  ferric  hydrvwida 
Since  hydrochloric  add  difliiaea  very  iniickly,  while  ferric  hvdrr»\id( 
and  bii^ic  ferric  chloride  can  hanlly  penetrate  the  parchmcttt  ]Ktp«r, 
the  hydrochloric  acid  present  first  of  all  iHisses  out.  The  chcmioti 
equilibrium  of  hydrolysis  is  thereby  disturbefl,  were  hydroehlotic  aciJ 
must  be  split  oH",  and  this  is  in  turn  removed  by  diUnsion.  Th« 
Tcaetiona  continue  until  finally  only  or  almost  only  colloidal  ferrit 
hydroxide  is  left  in  the  dialyscr. 

The  aoUition  so  obtained  is  of  a  dark  blood-red  colour,  and  exhihiB 
the  characteristic  properties  of  colloidal  solutiona  in  the  moat  difltinct 
manner.  It  does  not  possess  electrical  conductivity  to  any  eonsiilBT 
able  extent ;  its  boiling  po'wi  and  freezing  point,  ako,  dilTur  only  in- 
appreeiably  from  those  of  pure  water.     Addition  of  eloctrolv'tes  jveo- 
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Ut^  it,  the  ferric  Jlydroxkle  separatiti^  out  as  a  flopculent  mj 
btonicAl  nuicliona  Jo  not  lake  piare  with  it,  or  dci  so  only  very  slowly  p 
e3I*ecia]ly,  it  exhibits  none  of  the  analytical  chamctapiatiea  of  the 
ic  sails,  which  wnll  1ms  mentioned  later,  since  it  does  not  contain 
iferrion.  On  standing  with  hyjrochlnric  aeid  it  gr-juliially  jiasHt's 
Ao  A  li'iuiil  possessing  the  properties  of  the  solution  ol'  ordinaiy  ferric 
iloride. 
Solutions  of  colloidal  torric  hydroxide  are  prep.i.rcd  in  the  slxtve 
ler  for  medicinal  purposes,  and  ai'e  Boi<l  under  the  name  ferrum 
Fn/ifm  tiinlr/niifwin  (dialysed  iron). 

Both  hydroxide  ami  oxide  of  iron  occur  in  luiture ;  both  are  im- 
ortant  iron  ores,  anil  are  falleil  brown  iron  ore  mnd  hiemutitii  resjiec- 
Ifely.  The  foriner  occurs  in  browii-lilatk  liiBtroiis  aiJisae!^,  which,  on 
ig  graund,  yield  n  iji-Uow-hiuu^'i  jxiwder.  Iron  oxide  ■ciyataltises 
ThoinlM>hedm  whifli  aw  iaoniorplious  with  ihose  of  torundmni 
660),  and  have  a  black  metallic  appearance  ;  in  this  form  it  is 
iDed  irmi  'jfnnee.  The  concretionary  iron  oxide  (kidney  ore)  has  & 
litniu^  tilnck  a]>pearance  similar  to  brown  iion  ore ;  on  beitig  ground, 
eT«r,  it  gives  a  rat  powdor. 

Irun  tixiile  and  hydi-oxide  are  extreniL'Ey  indely  distribHtcd  in 
^Mture.  In  the  primiiive  rooks,  iron  regularly  orcura  in  the  fonu 
i  filicat^  -,  in  the  weathering,  th-e  silicic  acid  is  removed  and  the 
itdroxido  remains.  This  mixes  with  all  at^J imentary  rocks,  and  im- 
vts  to  them  a  yollow-hi-own  to  red  colour.  When  reducing  actions 
eeiir.  a*,  fur  example,  throngh  admixture  with  organic  aubstancea,  the 
etrie  tydnixtde  is  rciluced  to  the  dark-coloured  coniftnUnii  mentiofted 
S77,  and  this  gives  a  grey-blue  or  greenishdilne  colour  to  the 
ar  Btibstances,  This  colour  jg  fre(|UOntly  se*n  in  the  cjiae  of 
lys  containing  iron;  when  those  are  "lirecl"  thi*  organic  substsince 
iVed,  and  the  iron  passes  into  ferric  oxide,  whereby  the  pre- 
Hue  clay  becomes  of  a  rod  colour- 
rerric  hydnixide  resembles  aluminium  hydroxide  in  many  respects, 
lially  in  the  fact  that  the  salts  of  Ijoth  have  a  similar  composition, 
■e  aleo  mostly  iaomorphoua.  Like  nliiminiuni  hydroxide,  ferric 
aide  is  completely  precipitiited  by  ammonia  from  solutions  of 
IC  nItA.  It  differe,  however,  from  aluminiujn  hydroxide  in  the  faet 
it  it  ia  not  dissolveil  hj  strong  bases  ;  iu  fact  a.  method  of  sepnratiug 
iwo  hydroxides  can  be  luLsed  oti  this  dill'erence.  The  method, 
iwcTrr,  ia  not  very  exact,  for  the  diflerence,  or  the  inability  of  ferric 
iTdmitide  to  form  anions  containing  oxygen  (p.  5(i0),  is  onSy  one  of 
in  very  concenlmted  solutions  of  iho  alkali  hydroxides,  ferric 
ide  cllssolvea  ijuite  appreciably,  and  /or  this  rcjison  caustic  alkalis 
in  iron  boilers  almost  always  contain  iron.  On  ililuting  the 
the  eompouni!  dcconipisea  and  the  ferric  hydroxide  is  gradu- 
it«d  as  a  hrown  precipitate  on  the  Iwtlom  of  the  vessel. 
the  presence  of  many  organic  substances,  such  as  tartaric  acid. 


582 


PRINCIPLES  OF  INORGA^'IC  CHEMISTRY        cb 


I 


sugar,  glycerine,  eUr.,  all  of  wlich  contain  several  hydroxyl  grou 
feme  hydroxide  is  not  ppecipitated  by  alluUia  from  soliUifdis  of  fmkl 
salts  ;  oil  (he  coiitraiy,  clear  ilirnwn  liqiiide  art*  formed  iyluL-h  exbTAj 
the  rcMctioiia  of  iron  onlj'  imperfectly.     Tht   (lescriptioii   uf  the 
pouiidB  her«l»y  produced  belongs  to  orgairic  cheniatry ;  ihcy  are 
likts  compounds  in  which  the  iron  ia  present  not  ae  oation  but  m 
of  ft  complex  nnion.     They  have  received  mcTitioii  here  fioci  the  fa 
thnt  they  «rfi  extremely  readily  formed,  and  when  (orraed  they  ren 
the  sinaly  tical  detet-tion  anil  the  predpit4ibion  iff  the  iron  nioi-e  Jitfie 
111  such  cjiscs  the  organie  siibstniice  must  be  destroyed,  which  is 
easily  done  by  stronply  liLiiitirg. 

564.    Magnetic  Iron  Ore. — Ferric  oxide  unites  wilh  f« 
oxidtt  to  foiiii  ii  L-ninpuuiid  which  occurs  abundantly  in  nature,  atid' 
a  I'ery  vahuililit  iron  ore:  Fc,0,,  -  Fl'0=  F«,^0^.     It  is  l-aIIhI   wfjjn 
iron  r)re,  as  it  frequently  extiibita   a  strong  natural  magnetism ; 
€homic4d  name  is  ferrosoferric  oicide. 

MaguBtiL-   iron   ore  crystalliaea   in   regular  octiihedm,   and  ia  'm 
iiKirphiius  w-ith  fyiii-d  (p.  iltil),  which  consists  of  aluTiiiiiiulu  oxide: 
magiiesiura  oxidfi,  AUO-j  +  MgO.     Ab  crni  be  seen,  the  twg  aim] 
arc  constituted  nhiir  thi.'  samo  type,  aincfl  both  coiitjiiii  uiiu  iitiiihinill 
Weight  of  a  monoxide,  MO,  to  one  of  a  Besi^nioxidti.  M„0,j.      In  the 
sent  case,  however,  iron  is  the  >mly  metal   jireseni,  its  ili\ali'nl  ftj 
taking  the  placD)  of  magnesium,  and  it^i  trivaletit  form  thnt  of  aliiniiniu 
]n  magnetic  iron  ore,  therefore,  both  the  Isomorphic  relations 
eimidtaucoiiely  into  force. 

If  feiTous  wilt  and  ferric  adt  be  mixed  in  such  proportion*  lb 
there  is  twice  i«  much  iron  in  the  case  of  the  latter  kiU  as  in 
former,  and  the  misture  \te  poured  into  excess  of  catislic  si*1m.  h  hli 
graTiuldr  precipitate  ia  obtained,  which  mny  he    looked    ujkon  lU 
hydroxide  of  the  ikbovw  compound.     A  salt-forming  base,  also,  Hpf 
to  6:dat;   this  is  a  compoiiml  of  f«?rrotw  and  ferric  hydroxide, 
to  it  is  due  the  greenish  colour  of  the  ferrous  salts.     This  comj: 
howRvur,  if  it  t-xietB,   is  very  unstable,  its  salts  dec oiu posing  alt 
complotely  into  niixtnrus  of  feri'ou-s  jind  ferric  sjdts. 

OfiS.  Ferric  Salts. — ren-k  rhh>riih;  FgCI^  is  obtained  hy  h«at 
iron  in  a  current  of  chlorine.     It  rhcn  sublimes  as  dark-yi-een  rrv 
with  a  metallic  lustre,  and  is  much  more  cuBiiy  volatile  than  it 
chloride. 

Theae  crystals  dissolve  in  water  with  grcjit  rise  of  tfrnpcmW 
and  yield  a  yellow-brown   solution   from  which   the  anhyi]ri>i>!> 
cannot  be  a{;aiii  obtained  by  evajjo ration  and  hoiiting.     Four  ilifTfrpm' 
hydratea  containing  from  iiH„(J  lo  i'HjO  crys-talliBc  out,  neconliii]^  ui 
the  teraperatUL'e,  and  on  attempting  to  flrive  oil*  the  last  traces  of  n-atw 
by  heating,  hydrogen  chloride  ia  eliminated  at  the  same  lime,  mid  ir 
oxide  remaiiie  litihind. 

Hydrated  forric  chloride  can  be  obtained  by  dissolving  ferric 
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ions.     Sioce  an  increase  in  iIib  poaitive  charge  is  equivnlent  to 
fdecmae   of    the   riegtitive,   tlie   following   ions   correspond   lo   one 


aer : 


JDiferrioii  Fe  "  Rntl  Ferrocywiidiioii  FeljCN)," 
TrifcrriDD  Fe"  "  aiid  FenicyaDidion  FetCKj," 


correspondence  is  also  given  expression  to  in  the  umiies. 
The  gcaeml  properties  «f  the  ferricyanides  tire  fiiniiiiir  U)  those  of 
feiTocyanidps.  In  these  compounils,  also,  neiLher  the  reactions  of 
ion  ncir  those  of  cyanidioii  can  be  detected.  A  diSereace,  how- 
ii  EttoiTn  in  the  reactions  with  iron  salts. 
If  Uiferrion  and  fe4Ticyanidion  come  together,  a.  blue  precipitate  is 
which  ie  very  siiuilar  to  Prussian  liliii^,  hut  baa  ;l  aoinewhat 
ml  compoeition.  For  the  salt  which  is  formed,  /riTvus  ferri- 
if,  h&s  the  eomi.n9ition  Fe;^[Fi'{(.'N)|J.„  or  in  sum  Fef,(CN)^j.  It 
|twi»,  therefore,  iJ'lO  combinirtg  \¥'eij;fits  of  cyanogen  to  one  of 
whilu  Prussian  blue  contains  2'i53  combining  wcif^hts  of  cyanogen 
»4*ie  of  iron. 
No  precipital*  is  produced  with  ferric  asiUs,  but  the  Hqutd  only 
sumewhnt  darker  in  colour.  Ferric  ferrjcyanidc  is  aoliible  iu 
r,  and  in  the  undiasociated  ^tiitc  k  daik  coloiiried. 
iBy  means  of  concentmled  hydrochloric  jieid,  hydrofcmcyunic 
lIjFe(CN)^  cart  be  libemted  from  the  aoliition  of  its  sah.a,  and 
Itw  obtained  in  bnjwn  needles  which  are  reitdily  decomposable  and 
readily  suhd'lc  in  watt^r. 
TTie  ferrous  compound  in  decomposed  by  iilknlis  in  the  same  way 
iissian  blue,  for  potass iiuni  f«rrocyanide  and  (erric  liycicoxide  are 
A,  and  not  potassium  fetricyanidd  and  ferrous  hydroxide,  as  one 
cuiicct.  This  is  due  to  the  fact  that  the  potiiftsinm  ferricyanide 
iirily  formed  is  reduced  by  the  feri-oits  hydrnxide,  which  ia  a  very 
Hj;  reducing  agent,  to  the  ferrous  compound,  the  ferrous  hydroxide 
■  con V pried  into  ferric  hydroxide. 
1^76.  Other  Complex  Compounds. — With  many  other  snb- 
ces  lieaiile.'^  cyanoj^'tin.  iron  is  cicpabk-  uf  fomuiig  cdnqjlex  com- 
nds  which  cuniaia  compound  ions  in  which  iron  is  pi'es«itt,  and 
efore  du  not  give  the  reactions  of  iron,  or  do  so  only  very  in- 
iletely.  The  description  of  most  of  ihese  substances  mnat  bo 
tti'd  here ;  only  n  few  of  them,  which,  for  some  sta^ciid  reason, 
Hy  analytical,  aru  of  iniportitncc,  'Can  be  mcut.ioiLeJ  here. 
[In  the  first  place,  there  must  lie  mentioned  the  com[>ouude  which 
'formed  when  nitni;  i.ride  or  higher  oxygen  ■onmpounds  of  nitrogen 
Mn  brought  together  with  ferrous  sjdts.  The  latter  compounds  are 
tbcii  reduced  to  nitric  oxide,  and  this  utiitea  with  tho  diferrion  to 
form  the  compouml  ion  FeNO".  This  is.  however,  rather  imstable, 
/or  it  unilei'iioes  dcmnipo.'sition  ever  on  hoiling  the  solutimi,  nitric 
'<ixidv  e«rnping  and  difeiiion  being  again  formed.     This  behaviour  is 
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amdo  iisQ  of  for  the  pre[)amticiii  of  pure  nitric  uxiJu  from  mixed 
On  it  also  analytical  mc'tliwls  of  detecting  nitric  oxide  aiitl  iho 
oxy-compouruls  of  nkragen  dei>eni.i  (p.  327). 

Further,  the  coraplax  iron  anions  caji  be  formed  by  the  cotnpou 
of    ferric    hydro-side    irith    organic   (and    sdso   with    some   inorg 
Bubataiicas  coiitairung  Iiydraxyl,  whith  were  mentioned  on  p. 
They  are  recognised  by  the  fa<:l  that   their  soluticins  are  not  pr 
tftted  by  alk-alis. 

577.  Oxalates   of  Iron. — The  oxalatea  of   iron,   which 
from   all   time   been   regarded  as   a  chemical   puzzle   on    accAunC , 
the  differciicea  of  their  colour  from  the  onliiiary  colours  of  the  fe 
und   ferric   compounds,   must  also  be   rcclconed  among   the  cotni 
comiHiaiids. 

When  free   oxalic  atiid   is   added   to   a  ferrous   aill,  a 
line   procipitatiC  of   ferrous   oxalate,   difficultly   aoluble    in    water,  I 
deposited.      Unlike  the  other  ferrous  salts,  this  is  not  greenish 
(U-ange  coloured,  like  a  ferric  aalt.      It  dissolves  »nth  a  strong  yell 
red  colour  in  an  excess  of  pulaisium  ojcalate,  and  from  ibis  sol ut 
iLe  Bjdt  KoFe(C,Oj),,  cjui    he  obtained   in   crystaLs.     In   the  aolut 
therefore,  a  salt  of  the  ctmiplex  ferru-oxalanioii,  Fe(C,0^)i,",  is  la 

*  The  solution  of  potasBium  ferro-oxalate.  which  is  jircparod  i 
the  moment  it  is  to  be  used  by  mixing  eolutiona  of  forruui 
phate  and  normal  potassium  oxalate,  is,  on  accoimt  of  ita  powerful  I 
ducing  properties,  used  in  photography  for  developing  silver  broii 
[dates. 

Moist  ferj'ie  hydroxide  readily  dissolves  in   oxalic  acid  to  jicli 
liquid   whiuh,   unlike  the  other  ferric  salba,  is  colutired  green. 
colour  ia,  however,  en-ierald  green  .'iiiJ  not  pale  green,  like  that  of 
feiTouH  aaltH,     From   the   solution,  badly  cryataliising   ferric  oxa 
can    be    obtiUJied,    whi-cli   readily  docomposcs.      If,    however,   kiioU 
oxalate  ia  added,  lino  cryatailinc,  gr6cn  coloured  suite  of  the  conif 
fcrro-oxalaniort,  Fe(CjO^)y"',  are  obuiimwl.  e.^.  K,Pe(CjO,).,. 

The   Holutious  (also   coloured   greon)  of   thea*   salts  poaaess  inj 
high  degree  the  propeiXy  of  ^wiisiliunu'ss  to  lifilU.     In  eunlight.  a 
tion  of  ferric  oxftlatu  almost  iost^tntaneotlsly  deposita  a  yellow  pi 
tate  of  ferrous  oxalate,  and  carbon  dioxide  is  evolved:   re„tCjO,), 
3Fo(C30^)  +  2COj.     Tho  salts  of  ferrioxalic  acid  behave  in  a 
manner,  being  converted  into  the  corresponding  ealta  of  feini-oj 

acid  :  2K,re{C,,U,),.=  9K.,Fe(CA)a  -  ^^J-'P,  +  SCOg.  Thw 
nonieriu  are  made  use  of  for  the  pi'odnelion  of  photographs,  asp 
of  platinum  pictures,  a  graded  reduction  being  lUlowtfd  to  take 
by  exposure  umlw  a  "negative,"  and  the  potassium  forro-«)xnlat« 
produwd  being  n^^od  for  the  reduction  of  platiriuni  from  a  KOtai-oimV 
present.  The  solution  has  also  Iwen  used  a.s  a  cheiuieal  pholoiiU'W. 
I.e.  an  apjiai'atus  for  measuring  the  strength  of  the  cliemiL'ally  acli" 
light.     Apart  from  other  objections,  the  rcaidta  aro  of  little  valiM 
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lh«  tact  tliai  evwy  sensitive  subsL'ince  has  its  piivlicular  rj.nge  nf 
waves  whkit  it  aljsiirbs  and   mak'-s  usp  of  for  chemical  rejicliuns, 
is,  therefiirc,  nn  laciich  ihiiig  as  a  "ehemical  iiitenBily  of  Uglil" 
tfan  iilmuliitc  flense:,  iiiid  every  chomieal   photometer  iii(ltiai.U>a  the 
iigth  of  uiily  a  defitiite.  range  uf   mys  of  thu  light  siibjucteti   to 
iiwtiou,    this    niii^e     bting    dtipendent    on    tlie    nature    nf    the 

?ter. 

U7>*.  Iron  Oa.rbODylS- — C'arlwn  monoxide  combiiifia  with  inm  ti> 

very  rrtri;irk;ililB  <:uiii]iiiimds,    whliili  are  slowly  formt'd    when  the 

components  come  into  ctrntact  at  the  ordiiukry  or  at  a  »ti^htly 

temj»eratiire.     Various  diiljslAncea  Jire  hereby  formed,  t'onuiiii- 

[from   i   to  7C0   to  IFe,  whiih  on   cooling  condense)  to  brownish 

lic|iii()s ;  they  are  readily  vnlaiiie,  so  that  thoy   mix   in   ilia 

elato  with  the  excess  of  L'arbou  monoxide.     Their  velocity  of 

ation  is  an  .«mall   that  even   by  using  finuly  divided  iron  with   a 

(•nrfnce,  only  »'ery  sm^dl  amouht*  are  formed,  which  art  difficult 

lie  aii<]  to  preparu  pure. 

Apprecifthle  atimuiiw  of  these  compounds  art?  formed  in  iron. 

which  convey  gns  riih  in  carbon   nuHioxide,  especially  when  the 

lite  Hfe    loii^  »rid    the  cai'luin    ni>>[iii.vidc   Uaa,    therefore,   tim'e   t-o 

with  the  iron.      \^'hiIB  for  ordinnry  purposea  these  traces  of  iron 

gas  are  uf  no  importanci!,  they  have  provod  very  inconvenient 

Kpplicatioii  «]f  -snch  gas  for  iniv mfr.sri-nf  light,  as  th«  iron  oxide 

is  pro<l«e«d  in  the  conibaBtion  is  deposited  on  the  incaiidestent 

and  imgiidre  thuir  illumiiu'iting  power 
better   known   exnmplo  of   siuh  i.om]towndfi  will  be  describod'' 
■  nickel. 

Catalytic  Actions  of  Iron.  — Both  in  the  ionic  state  and 
ulTiiii^  coni|H>ncids,  iron  frequently  exercises  a  very  eonsiderabla 
ic  iiil1uvnc«,  uapfeially  on  oxidiitioii  }>roceMfles.     To  oVisurve  thia 
y  JR  only   necessary    to  mis  dilute  solutions  of   hydrogen  pei-oxide 
111  hvihoj[i*n   imlirlc.  or  beltev,   potHs^inm   iodide   plus  Eicetie   acid, 
iGiM-iioii   slowly   uL'cure   in   which   iudinc   is   libenileil   and   ciin  l>e 
Jwcl    visittlf   l>y  tncwia  of   stiirch.      If   ijiiite  a   small   amount  of 
fiy  ferroiis   sdt   is   addod,  the   blue  tolor-atiiin  iircnrs  incomparably 
■jiiickly.      A  similar  ncc(!lu^ratiiig  action  hae  h&en  proved  in  th« 
many  other  tcitctiona. 

the  present  time,  no  i-egularities  of  a  mor-e  general  nature  are 

n;«p('ctiiig  thtwe  relations.      It  is  of  importance,  however,  Vo  he 

>»»n-  of  them,  since  the   physii (logical  iinijortaiice  of  iron   probably 

l<%k'rniB  on   them.     The  presence  of  iron  hue  liccn  dett-cted  both  in 

[tor  rwl  IiIwmI  eorpu,scles  and   in   the  green   colouring  matter  of  the 

i>iini  tit  ting   pUiit   cells    (i.<;.    those   which    reduce   carbon  dioxide  in 

fhl).  and  although  at  the  present  time  the  laws  of  these  i*elations 

nnol  be  stilted,  ncvurtheleas    the  fact  iiifovc  nieiitioned  indicates  an 

nporuuit  direction  for  invcstigfttion. 

2<s 


59*  PRINCIPLES  OF  INORGANIC  CHEMISTKY 

580.  Thermochemistry  of  Iron.— The  hents  of  for 

the  most  iiiipc^itaiii  (.■niiipourtif^  nf  icuii  nvc  : — 


Diferrlfln  Fe* 

oaij 

Triferriun  Fe 

-39  .. 

FErroiia  liyJr'jxiils  Fe(On); 

r.7i  ,. 

Fi3rrii;  hydroxide  Fe(OHlj 

8i:!i ., 

Ferroaijfcrrit'  oxide  FejOj 

no- ,. 

K-rrous  cliloriJt  VcV,\ 

ai'j .. 

Ferric, diioride  FeCl.j 

403  „ 

FerroiiB  tiiil|ihiJ.e  (liy drilled', 

1  FeS  +  HjO  100  1^. 

581.  Metallurgy   of  Iron.— As    metjillic    imn    does 
native  to  any  gctjat  extent,  thie  vciy  lui'i^i;  iiiiantitic:?  of  this  mi 
which   are   used   in   the   iiuluatrios   must    be   mftintfactiired    fnipi 
conipoiinds.       For  this  purpose   tlie  Oxygen  compoundo,   which 
reduced  with  rharcojd,  Jirc  almost  esclnsively  nswi. 

This  reduction  is  CBnied  vT(t.  chivtiy  in  iht^  blast-furnace,  whicl 
an  upright,  elongiitwl,  egg-sha[}ed  a[vace  eiiclnsed  I»y  rmisonry ;  ii 
thJB  altoniato  ky«VA  of  iron  ore  and  conl,  tdung  with  thv-  iwlditif 
necessary  for  the  prixliictioH  uf  a  readily  fusible  slag,  nre  ittLrodui 
from  the  top.  In  tlie  lower  pari  of  the  furnwce  there  i»  »  njirr 
■cylindrical  spnco  into  which  heated  air  ia  blown,  and  in  whicli  I 
fused  imn  coJIeotB, 

The  ch(ingi;a  -which  the  ore  midergoea  tn  such  »  ftimaco  an?  nil 
vtirit'd.  In  the  upper  juirts  it  is  only  heated,  whcrt-hy  \nX« 
e]iniina.l*<t  from  hydmterl  ores,  lyirlxin  dioxide  trnni  iinn  carboiu 
iind  the  ores  are  converted  into  ferric  oxide  or  ferroBoforhc  nxi 
In  the  lower,  hotter  purtfl  of  the  furnace,  thia  is  reduced  to  uiiiu 
iron  by  the  cjirbon  nmn<ixide  wlii«h  is  present  in,  abnmJjitice.  Sii 
the  temperature  is  not  nf«rly  high  enough  to  melt  the  imii,  ' 
reduced,  spongy  metal  i^inks  down  along  with  thi?  t^xct'ss  of  churc 
to  the  lowest  paj'L  of  the  furnace,  where  the  hi^rheat  IvniptTntur* 
reached  through  the  eomliustioii  of  the  ehareoal  in  the  injt'clwl 
The  iron  here  couibinee  with  Girboii  and  fnaee  together,  forming  o 
iron  or  crude  iron,  a-nil  colkcta  iit  the  bottom  of  the  furnace. 

The  iron  is  run  olf  from  time  to  time  ami  fomiod  into  loiij 
WikIch,  or  uaed  for  mdkfng  faslinys.     The  slag   which   ib   formed 
the   sitme   time,   and    which   is  essentially  a  mi^itiire   of   various 
catcB,  tloatB  on  the  fused  iron,  and  otiri  continually  run  off  tbroi 
an  overflow. 

The  crude  iron  obLiined  in  this  way  contains,  besides  iibotlC 
coot  ot*  (Nirbon,  silicon,  phosphoniB,  sulphur,  iind  uEso  mitngani 
varying  amounts.  For  the  conversion  of  tins  into  iiTOiight-imn  , 
sttie],  not  only  muat  the  itniount  of  carbon  l>e  rciluced,  but  the  ol 
admixtures,  which  diminish  the  value  of  these  other  kinds  of  u 
must  bfl  rcmovcil  as  fi»r  as  possible. 

For  this  purpose,  aeverul  mtJlhods  are  employed,  which  diffe 
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ir,    hwwever,    only   in    tha  technical  dtitsiila,   liut  which  .'ill 

the  aaniH  thnig  cheniiaillj',  viz.  the  removal  of  the  forfign 

icea   hy   uxid'itwn.      The   chi^miral   rcui-tiuns  aiv  most   I'wuJilj 

Itif^ble  in  tlir  H'^ffmef  jii'Xfs-s  which  is  at  present  -cliietly  used. 

The  iron  is  iiitr'^lilted  in  the  fust'*!  state,  into  u  Iiirgc  |K'cir-shaped 

ami    heiileil    air   is    hlowii   through   ihts  niolnjii   mii-ss.       The 

iti«s  then  hiii-n  more  fjipidly  tliuu  the  \n>w,  und  the  products  of 

ktkm  pn^8  filT  in  th<^'  giiJi4^<iiis  »tat«,  or  pni^s  into  tin?  elng  which  ift 

inlt»iK<iiiii<ly  fnrmed.     While,    in  this  manner,  curbon,  .siliton,  und 

■  nbf  rwidily  rL*mij>V(.'il,  thf   removal   uf   the  [>linri[ih<>rus  was 

--fill  iis  loii<;  HS  there  wms  iisecl  for  ihi-  v^'Sse!  ii  lining  which 

isial  esseiiliidly  of  rl.iy.      N"ot.  until   thif  wiia  rephiced   liy  a   kisir 

ling  ciinsig-tin^  <if  Ifiiio  or  magnesisi,  wherphy  the  phosphorus  passes 

the  sUg  lis  tli&  coiTcspondiiiji /i/j'i.i7"A'»A,  did  it  liecome  |iossililt'   U> 

giMxl  wi-'H light-iron  or  atcel  from  crude  iron  rich   in  (ihosphorus. 

rich  ill  phutsphoric  ax.\i\  which    is  thcrt'hy  formed,  is   used    as- 

tmportiint  fertiliser   in  agricultUN^  <p.  532),  and  is  called    Thimias 

wSXer  the  invrotor  of  the  method. 

Tiie  icoiirse  of  decjirboniaation   by    the   BLjaaenier   process,   which 

pliice  iu  a  very  short  time,  can  he  coiitrollfd   hy  spectroscopic 

Btiun   of    the   Hniue   produced,  and   c&n  iio   ititermi'ted  at   the 

momt^nt.      If   1   per   cent  of  cjirbon  in  still   left   in   the  iron, 

forniL-d ;  if  tho  amount  of  carbnu  i&  ri'duceil  lo  I  per  cent,  and 

a  kind  of  nrDiight-iroTi  is  iihtained  which  is  cidled  in^ot  iron. 
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bti'2.  General. — The  element  njanga-ne^e  is  v^ry  closely  wlatolj 
irun.      It  iJiHui-s   from   it,   h\   beiiiy   moi-c   rpjuiilr  oxiiitsejl,  Jiiifl  in' 
higher  compounds  Ktiintf  more  reixdily  formwj  than  in  llie  cjiw  of 
For  the  rest,  tlie  corroacHjriilin^  coirpoiinJs  of  maag^iies^  iimi  inmi 
very  sltinUr-  ^a  oiig  uiiothtM',  and  ii)  many  caflice  are  isihTHurpLx >ij& 

In  iiiiHirr.  njHngnnese  ucfiirs   vltv  widely  distriI«uU«],  bur  it 
luse  ahiiiidaiit  thnn  iron.     It  i»   found   cliieHy   as  mau^micu  fttu 
MtiOj,  the  mfiny  npijlicationa  of  which  we  hiivc  repeaiotlly  iintcii 

III  its  cliomical  ri'liitions,  iiiaiigiineaii!  is  chnmcteriBed  l-y  lie 
gri'ivt.  di^RT'tiity  of  its  compoiuuls.  It  fwiiia  nul.  lees  tiiaii  five  o\ 
tioii  stages,  tha  Uiww  nmmlnsrH  nf  whJL'li  f'lmi  Ihlsds,  the  hij'ht'r.  afiiSi 
There  la,  aocorilirigly,  a  ri)iTC'Hpi>iicIrTij;ly  liirgt  luimlier  "i  diflVreot 
ailts  eoritjiining  niiitsgaiitiBc.  By  renaoii  ai  this  it  exhibits  vory  divsrw 
mlutiong  o-f  afliiiity  and  isoiuorphisin  ;  whoreiia  t!ie  lowest  6cri»j 
compniuidft  is  allied  to  mitgiiediiini,  thu  following  ones  exhibit 
iiior|'l'''<=  relaiinns  witli  idnniiiiiuni,  titnniiim,  sulphur.  mthI  I'liloriiif, ' 

Thy  comlhining  weight  of  mjingiinL'iif?  is  Mn  =  5S"0. 

58ri.   Metallic  Man^atiese. — Pure  nuui^iiiifsc  wiia  fuiincrlv  Ii 
known.      Thv  nii-iuil  fosi':^;  with   kUII   groater  dilticiilty  timii   iroii.i 
like  the  kilter,  it  unites  M  a  liigh  temperai-tin-e  with  rarlwii.  so 
the  elemant  ohtained  fiy  the  i-L'ductian  of   the  oxygen  (^om^minitls 
chai'tiutil  nlwaya  cnritiiitiB  n  fair  i]iwiility  of  ULrhun.      MiingikriLtii* 
from  ivirbon  ciin  luiM'  be  rmidily  nlitaincd  hy  rediiflioii  with  iLliimiiii 
rtticordiiig  to  tht  muthod  of  (.loldschmidt,  miH  niiingjinese  is  thus  fa 
to  lie  H  reddish-groy,  lustmus   rrietiU  which   is   hjii-dur   Dhiiri   imn 
keeps  vciy  well  in  tha  air,   wheriitts   this   uirbonised   mct^d  whitli 
foi-meily  known  osidiBeil   very  rapidly.     It  is  very   rejidily  dis 
by  acids,  and  in  this  rcBpect  prnlmNy  takee  the  first  pliicf  amonf; 
hvavy  metjils ;  aven   in  dilntie   acelit   arid   il  evolves   hyflrogcM 
great  vigour.      By  the  diasolution,  the  t'orrcspoiiiiing   maiigiuioiia 
is  formed. 

M&u^nesc  is  not  itstfd  in  the  free  state,  but  is  employed  in 
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ititics  BA  ati  additinii  tn  irnn.      \VIiit<'  cf\i<lv  irim  (p.  574)geneTa]l_r 
ttaJns  bu-ger  or  smaller  amuunta  iif  it.      Snc-ti  ;tei   iron  is  espt'cifiJIy 
lile  for  beiDg  treiit«d  by  the  Bessemer  proceas,  as  the  groat  heiit 
iition  ()(  mitiiganejjt'  facilitates  the  m.iintcnsinde  of  the  riH[iiiBili" 
f-temperatiire, 

584.  Dimanganion. - — The  fii-st  series  of  eonipH^ninds  which  mar- 
fonns.,  is.  dt^rivcd  from  tlif   ilSvuk-iit  ion   Mn".  whith.  in   many 
■pM'U,  hm  a  ^reat  simikrity  to  nia.gnesion,     Dimaiiganirin  has  a  palu 
li»b  colour,  no  apecial  phyniolo^fAl  acttnn,  and  its  hwit  of  fonim- 
18  210  bj.     All   3oliibl«   manguiious   salts   are  distiiigiiielieJ  from 
Viis  siilU  by  the  fact  that  thoy  do  not  oxidise  m  the  air  in  acid 

M6.  Manganous  Hydroxide,  Mti{0!l)y,i3oiiuiineda8are(l^iifih- 

pTecipit:ii e  wtiL'ii  a  «nlininii  uf  n  niangunmis  salt  is  preti|)itatet] 
ilh  alkrtlis.  In  ihe  [air,  this  precipitato  rapidlj'  hecomes  brnwii, 
by  piLssi[i;{  into  marigntiic  hydroxide,  Mn(On)j,.  It  is  not  dis- 
ced by  exci'SB  of  ulkalig,  but  is  ao  by  amnnjiiiuni  salts.  The  resMIi 
tly  the  same  as  in  the  case  of  magnesium  hydj'oxide  (\t.  5il)  ; 
iP  of  soluhjiity.  nlso,  ie  al-oiit  111*  saiuc.  Th^  amiiioiiiaeiil 
ibtiori.  however,  bt-hnvt's  difterenlly  in  so  f-ir  as  it  rapiflly  bt^comes 
MWTi  and  turbid  in  the  air.  This  is  due  to  tho  absorption  of  O'sygeu, 
tereby  manganic  hydroxide  fs  fonne*l,  which  is  much  too  -weak  a 
lo  Ihs  soluble  in  amntoninm  SAlts. 
By  heating  the  carbonate  or  by  precipitiiting  hot,  the  anhydride, 
Uii^kons  oxide,  MnO,  ie  obtained  in  the  form  of  a  greenish  powder. 
Of  ihf  m:in^.innns  salts,  the  fHuri'li:  MnC'l^  may  in  the  first  jiWo 
■  tncntjonod.  It  is  obtainvd  in  t|i(<  iiupiii'o  stjite  as  a  rosidiie  in  the 
RjMinitioEi  of  fhlocinc  front  tnaiigantise  pL>roxido  or  pyrolusite  (p,  I  &9). 
I  i}  n  paV  Tftddiah,  e.isily  soluble  salt,  which  cvystalHaea  with  4:11,0. 

S?6.  KanifailOttB  Sulphate,  MnSO^.  crvstalHses  generally  in 
nrl,  reddish  tri'slals  n'ith  4H,0  ;  besides  this,  it  can  crystallise  with 
THjO  in  the  furuis  of  furroiis  ."iiilphate,  with  5IK0  in  the  forms  of 
Cupper  aiilpLatii,  4'tc.  With  the  alkulj  siilphiit^js,  also,  il  foi'ins  muno- 
tluiK  AfinU'C  sidts  of  tliti  type  K^SO, .  MnSO^ .  fiH^O. 

^ST.  Bfanganous  Carbonate,  MiiCO.^,  can  bo  nbtaiiiMl  a>t  a 
ndflinL  prpripiute,  by  prccipiutin^  inanganous  salts  with  carlwnalca  ; 
lloridisiw  ia  the  air.  but  nnich  less  rapidly  than  the  hydroxide.  In 
lUWre  tile  4'urlionata  is  found  as  mutifiinua''  njntr ;  this  oi:cnrn  in 
ruimiwliedr.i.  ofiii'h  ■■ire  isrnniirplii^nt^  with  tlioso  uf  eali'-spar. 

''f^?.  Man^anoua  Sulphide,  MnS,  is  thf  most  si^Uible  of  thL- 
M^pbur  compounds  of  the  heavy  metals  which  are  formed  jj_jyucuus 
•olition.  It  la  decomposed  even  by  ticetic  arid,  Bn(I^Im^ti»cKfi»naii , , ' 
*fM  W  precipitated  from  anhitions  of  manganoiis  wdu  imlisidiiburettud 
liy'imgi..n,  but  only  with  alkali  sulphidets.  If  thff'^rccQfjk^ipT)  irf 
fWTicit  out  in  the  cold,  a  slimy,  Hash -coloured  pruuipitil^  i^he  only 
•nlphitt  comiKfUfld  of   Ihia  coloiirj  is  ohtaineil ;  frviawtfodcmliJli- ^fift" 
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ceiitrated   aolutiona   in   the   lioat,   anhydrous   maiigAiiuus    sulphida  i 
aometimea   precipitatod,  under   ctuidiUona  whicb   are    not  yet  ej 
knowii,  as  a  grey-greon  powder.      In   the  air   llu-  aulplnir  Qom\ri 
oxidiaoa  very  rapidly,  eo  fhat   it  miiat  l>e  wiiiiheJ  witli   n  solution 
ammoniiuni  sulphide  when  use  is  made   of   it   for  tlie   precipit^uon 
miingariL'sr.i  in  iiiji;ilyni«. 

1389.  Manganous  Borate  is  obuiinud  hy  tht-  prenipitatiou  of 
nuttiganuus  salt  with  borax,  iiiid  is  pliLL'f>d  on  iim  tii»rkot  in  the  foriu  ofj 
a  brown  powder.      It  is  nsed  in  large  ijiiantitiiw  f-nr  the  preparntion  efi 
vtirnifili.     This  is  due   to   it-s  catalytic  pi-opcrties,     Tli^re   are  cvruilt| 
vegetable   oils,  c.ti.  linseed   ml,  whlcli  OKidise   in    the  air   tcj   nssinooi 
massds.      With  the  ci'udi!  oils,  LliU  oJcidiLLicjn   Wiktis  plat'o  only  slowly; 
if,  however,  bho  oil  is  ht'ati^ii  and   a   smiill  quantity  (li^ss  thiin   1  per' 
Cflnt)  of  mangiinoua  borate  iij  added,  tho  ali.>!or]>tioii  of  oxygen  is  grsAttf ' 
auociemted   uatalytically,   and  a.   inpidly   drying  oil    ur   a   vurni«h  ir 
obtained.       ^irthoi',   diiaiinganioii   has    the  property  of  very   jji-cttlj 
increasing   tho   aclion   of  certain   organie  cntalysers  which  accelrnU 
oxidation,  tin;  "  oxfdnse.^."' 

590.  Mangamc  CompoundS.^The  coQi|K>iinds  o£  trivaletit  DUD- 
ganesB  or  the  miiiigiinic  compounds,  are  formed  from  the  raaiigiiuoui 
cotapaimde  by  osidaticiu.  Even  in  the  oase  of  iron  a  conaiilcpaM* 
dimiuution  of  the  Viaatc  propertisa  accompanied  the  cnrrespnndinl 
transformation,  a  f;K;t  which  found  oxpr&<isiou  ill  the  iiKlpH-nt  In'i 
lysis  of  the  salts ;  in  ihu  case  of  raiingaiiusn.  however,  tho  dilTeruuo 
imiuli  greater-  The  hydrolysis  of  the  maingatiic  coniponnJain  nijiK 
sobition  is  so  grejit  that  such  eompotmds  are  quite  unstable. 
vapidly  d&compoae  with  separatioii  of  loaiigaiiic  hydi'Dxidtv,  Mnt'OI 

For  this  reason,  very  little  is  known   rugarding   the    propertic 
the  ion  Mn".      Its  colour  appejtrs  to   he  violot-red,  and    the 
brown  colour   of  some  sulutioriH   of   manganic   suits  is   the   result 
bydrolysis,  tiincii  the  munganic  hydi-oxidis  ia  dark-brown  in  colour. 

The  nonnal  hydrositie  does  not  occur  in  nature,  but  vi 
anhydrides  of  it  do.  Tho  partiid  anhydride  MnO(OH)  is  ealLcd 
ffiiaile  ;  manganese  si'^sqnioxide,  or  the  complete  anhydride,  Mrj 
called  braunitf,  and  Mnj,0,  JiiiiLvririiini/e. 

In  the  aoliil  etate,  sume  uf  the  uiivnganic  salta  arc  known  u 
dafint'd  compounds,      Tht>  suHphiite  is  obtained  by  warming  tnar 
peroxide  with  concentrated  sulplmric  add  until   it   baa  dissolved 
dark-coloured  liipiid,  and  then  washiTig  the  paato  of  enlphau^,  whi'.'lL^ 
farmed  even  in  tho  heat,  free  from  sulphuric  acid  by  means  of  iiifl 
aeid.     It  is  a  diirk-green   powder,   which   disauLves   in  water  willi  » 
Wolet-red  colour,    which   very  speedily   dian^ea   to  brown.    iasnjsiuii< 
hyiiroxicle  Iwiiig  dopoaited.     Hanganie  cbloiidp.  MnCI^,  is  nUo  ftinuwl 
temporarity,  ivhcii   mangaiuc  hydi'oxidc   ie   dissolved    in  culd   '■ 
traled  hyilrocldoric  acid,  and  on  dilullon  with  water  behavm  I::. 
Mulpbala. 
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Tbu««  mniigaiiic  salts.  hlJ^^eve^,  whicli  are  rot  ioni.'-i;i]  to  any  great , 
I,  iiin.ii;r^<>  oiilj  II  aliglil.  hy^lrO'lyeif},  Jw  w-as  to  l>e  Wi'sioen  iicw>P<i- 
XQ  the  ilii^ury  nf  liyilrulysis.  To  ihwse  thei-e  belongs,  in  iho  first 
iM,  tho  fluoi'iik',  MiiF,,  wliich  can  be  preptwocl  by  dissolving 
iguiic  hyclruxide  iii  Hi^iieuiis  liydnitluoric  acid^  and  wlik'h  can  be 
in  ii»rk-iv'l  crvijtiiU,  This  fitnns  d^^nble  salts  with  the  alkali 
at  the  tyjje  KJ*',, ,  MiiF^-  i^H.O. 
niilly,  the  phoaphdla,  VliiPOj,  appcara  to  be  a  slightly  dUsocialud 
It  h  di.a.siitvi's  in  excess  of  plinsphrnn'c  Jicid  to  n  rfd->iiilpl  iitjuid, 
kich  is  atitbte  invn  ;it  ilift  t<!ni[R.'Ritiirt'  of  l-fiilirig. 
BSI.  MaiLganeae  PerOside.^Teti^vftlont  maRgane^e  forms  the 
tlroxiciv  MntOH),,  thi^  aiihydiide  of  which  is  the  ofUnentifHiod 
pinese  ppn>xiile,  MnO^,  Since  even  in  the  L-aae  of  tririiJeiit 
ngjineae  iht'  Ibi^Ic  [inipiTlies  h;id  practically  disappeiired,  it  is 
ituni  that  tetriivident  iiiixiigaiisse  is  ro  lunger  capablu  of  fuiiniiig 
ilu  likf  a  Itiise.  Oti  tho  otiier  bund,  the  acid  properties  which  are 
Rwnl  in  n  pronoiiiicod  maiiner  in  the  htgh(?r  stages  of  the  tiiangatiese 
)ra}iou.Hds,  bi'giri  t*>  be  indicntwl  here. 
Man^Aiieao  peroxide  ocrurn  fairly  Jibundiintly  in  nature  a&ftifT'ilvxiie, 
I  w  thy  most  iniportant  of  all  the  rmtiiraUy  rtcciin-ing  coRi]Kmnds  of 
i»ng»n«se.  It  iicciir'a  iti  grey -black  crystals,  tho  powdor  of  which  is 
k  (not  brown). 

The  hiflri'jidt.  Mji(OH)j,  is  ol>tiiined  by  subjecting  nianganous 
itto  to  titrun^  usidising  iiutions  in  neiitml  or  ulknliiio  liijmds.  As 
ddisinr;  agent  there  nm  bt  nsmi  chlorine,  bromine,  or  a  hypochloritp. 
]h  hvdntxide  is  dark-brown  in  colour,  and  umorphoiie,  nnd  {tasaes 
Illy  inm  iht'  colloidiil  sUitc.  By  moderat*'  dehydmlion,  the  inter- 
(dintr  anhydride,  MnOftltij^,  which  has  the  same  apj^Gumnce,  is 
teiiit<d. 

U  thf  hydroxide  is  treatud  with  cold,  concentrated  hydrochloric 
oA,  it  tlixsnlvts  with  a  dark  brown-sree"  colour ;  if  the  aolulicn  ie 
nin?i1ixi«ly  diluted  with  :i  krge  tjiiaiility  of  Hviter,  the  hydroxide  is 
puu  du|MBiLt<d.  Thip  is  due  to  the  formation  of  n  tetrachloride, 
Wm'Ij.  which  is  hydrolysed  by  much  water.  If  the  solution  is 
•unned,  it  liucrwjH-a  Colourless  and  fvoh'cs  chloriniR ;  mungannns 
:Ufldc  runifiina  in  the  residuo.  The  rejiL'tlon  for  the  prtijwiiMtinn 
dI  chWiiiu  given  on  p.  161*  tiikes  pla^'e,  therefore,  in  two  at^gea, 
klncbliiridr  living  firal  formed  nnd  then  docomposiug  iiUo  chlorine 
inil  diihl'tride.      Thf    OLHintione   ai-e    MnO„  -  4HCI  =  MnCl, -t^  SHjO, 

The  Rian^.inese  piirhydnsxidt'  [irejwirwl  aa  nbovii  givi'n,  gi^noridly 
ti»ld«  toj  littli-  oxygen  on  .■inalysis.  This  is  duo  l«i  Lhu  fact  thai  the 
loiiipiiuiid,  Mnl){OH).,  or  H„MnOj,,  ciin  iicl  liks  an  inv'4,  L'orresnondiiig 
tOtarlKiiiir-  iu.-id  or  uiilithuroiiK  acid,  nnd  form  suits.  If  tho  maugHnefie 
"rnxide  i*  f'oniK'd  in  [iroFtence  of  a.  Wiso,  all  the  nmnganese  jiasses 
ifito  this  aimpMUiid  ;  in  tho  absence,  however,  of  another  Uxse,  part  of 
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the  mauganese  in  the  diviileiit  sUito  is  iiirc)r[iftr«lwi  in  the  prwipi 
the  miiiiganuuR  salt  of  the  'iLnve  Auiil,  uiiuiij'iiuni.s  (ind,  tho  fomiuk 
which  is  \rn,MnO„,  ofjiial  to  Mjl^O,,  Imiig  fomiaJ.      If,   hnwevi 
Ijaae    is    present,   f.'/,  lime,   nilriuut  nmH<iii-iiiie  is  fui'tnei],  a.n'\  %li 
ma-ngaiiese  passes  into  the  t.etniv:denil-  atitte. 

•  This  rCaPtion  is  made   use  of  Coi-  the  ri-ijfitnttiim   of  Che 
gaiieae  lifiuoi's  in  the  ni:miifactiu*e  of  chlorine  fruni  hydnwhloric 
and  pjrohisite.     The  rccjiiisitc  amount  of  lime  is  mUlci]  ti»  the  li 
in  orJe'r  tti  eonvei't  the  in.Jiiiifariims  cbloiiile  into  iiuitiiirinniis  hydro: 
And  still  OnO  c(Jiii')inii)g  weight  of  lime  laui'e.      If  air  is  Uloivii  thnii 
this  mixture,  oxidation  tiVe&  piapi'  nipidly  and  readily,  anil  la 
niangntiite.,   CiiMiiO.,,   ie  depositsd  as  a  bluck    firt;ci|jitalc.   kmiwa. 
WelJon  mud.     This  again  yields  fhlurine  with  hydrai-hWic  acid, 
half  AS  much  ht'drochloric  ncid  uion.*  ia  roq^iiii'ed.  as  ctiu  be  imh'ii 
the  fl-iiwtion  CaMnO,,  +  OHCI  =  traCl^  +  MiiCl^  *  Cl,. 

•  At  the  pi-esent  day  this  method  is  Ijeing  more  and  more 
up,  as  the  eluel-TOlyaia  of  the  alkali  cblorideB  yields  more  cblorine 
will  be  made  iiae  of  in  the  arts. 

Be«ides  Eit-ing  used  for  the  prepinitlon  of  cliloriii*,  Jiiaii^Anae 
jwwxilie  ia  employed  in  pottery  works  for  the  prt«luctit>n  of  bri>w)i  taA 
violet  colours.  Melts  to  which  nmn^nesc  peroxide  hoK  l>«eti  uddol 
arc  coloured  violot ;  if  iron  la  present  at  the  stuiie  tine,  &  riark-hi 
colour  is  produced. 

Manganese  penwide  ie  alsn  employed  in  the  mamifactur*  of 
It  is  there  uaod  in  oriier  to  remove  the  greenish  t-nloralion  which 
glftsg  assumes  owing  to  the  preaence  of  fen-ous  eompoutide  (p.  5 
The  ;i€iion  is  pi'obably  tine  \a  an  oxidation  of  the  ferrnus  to  the  (i 
■iomponnd,  thp  yellow  <nilour  of  which  is  miieh  feebler,      bceidm 
the  yellow  colour  of   the  ferric    glass  is  counteracted    by  the 
enloitr  of   the   niaugansae  salt,   and   an   imperceptible  iieiitrftl   tin 
produceil. 

•  Glass  which  has  lieen  decoloriaed  with  inanganeso  oshibiis  tlw 
I'CTiinvkable  pro]ierty  that  it  slowly  becomes  red-violet  in  colour  irliBB 
ex:[H:>ued  to  light.  Thii«  eoloiir  passes  through  the  whole  riKss  ol  th* 
glnsst  but  IB  abaunt  from  those  jiarlfl  where  the  light  wa»  wettkrnMl,  A 
for  example,  behind  lelt^^rs  ti\ed  on  who])  windowd.  Thi?!  |»hen')nii?ii"fi 
w  >\  proof  that  ill  i^pite  >if  tiic  agiparently  Kolid  iiittiire  of  lim  .i:!ak 
rhomicKl  proci^saes  can  occur  in  the  intorior  of  the  maas,  &&  in  it  lii)ui<l 
which  is  not  in  equilibrium. 

•  Manganese  peroiride  is  also  used  for  making  ^Ivaiiiu  cells,  ttna 
it  conducts  the  tilectric  current,  and  ae  a  «ith<MJe  jjivcs  a  (wirly  bigb 
potential  with  zinc  iis  anode.  The  piw.'csses  takiMjy;  jilaee  in  galvnW 
colb  will  be  dtscuased  in  detail  at  a  later  point  in  connection  wi'k  * 
simpler  cast'  (Chap.  XXXII.) ;  at  this  [joint  it  «'ill  be  BiifHL'ieal  to  sfiii* 
that  Mich  cella  are  jjcnerally  formed  of  an  oxidising  rt>;eiit  aiitl  * 
reducing  agent,  saparnted   from  niie  miother  by  an  interrocdin'c  '■•at- 
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^nonUly  a  suit  solution,  Jitul  wli^re  neci^aKaty,  n.  pumus 
m.  On  malting  the  proper  conncuMioii,  nn  olootric  current  is 
ed  whereliy  lie  reducing  agent  is  oxicliseiJ  at  thie  exppri&e  nf 
ttiiUng  agent ;  the  cbemical  energy  which  thereby  tjccomes  froa 
Lh«?  work  necessary  for  the  elfeclric  current.  In  the  above  wU 
ml  uf  iDitnganose  [lerojride  and  zinc,  the  mnnganGsc^  peroxide  is 
iliirin^  ami  einc  the  I'ediicing  agent.  Bfith  tht^se  jtre  inirnei-aefl 
.ation  of  siil  ammoniac,  :im)  vhon  the  <'iri'iiit  is  I'loeeil  the  zinc 
es  and  the  man^^neae  poroiiido  is  rediiecil  lo  niimganous  oxide, 
snch  a  cell  i-s,n  he  cjisilv"  made  ili  fullmvs.  A  mixture  of 
rite  and  tajke  (for  tlic  sake  of  the  tonduttion)  is  jjluced  at 
itunn  of  a  tninbler,  a  rod  of 
ooducting  chArconl  in  introduced 
lis,  and  the  glass  tiilwi  with  a 
n  of  anmioniuni  chl'.>n<ie  ;  ;i  zinc 

Buependod    in    tho    nppt^r    piirt 

liquid  in  such  a  way  that  it 
lot  loHfh  the  tn;ingaiiP»e  pei'- 
lod  tiie  fharcoa]  (Fig,  1 16).  On 
;  the  zinc  and  the  i^harcoal  Ity 
of  A  conduL-tor,  an  etectric  current 
through  the  latter.  Such  a  cell 
ich6   ecU)  lasts  for  a  long   time 

aoall,  inlermittent  currents  are 

f roin     i  t,    as,    r.f/. .    for    cl*  t  trie 

for  strong,   continnons   currents 

BeK-as,   l-ecaiise  the  neceaaary   chemical   re^iclione  Jo  not  occur 

iilly  rapidly,  and    the  cell    thorofora  quickly  loses  its  eleclrti- 

ioi-Co  when  much  used.      Il  recovcrB  its  electromotive  force  on 


Fic.  iia. 


ignition,  manganese  [leruxide  loses  oxygen,  and   is  converted 

ingntiosoniaiiganic  oxide,  Mn^O^,  corresponding  to  ferrosoferric 

The  reartioh  is  HMnO,  =  Mii,,Oj  ~  O^.     This  wm  formerly  the 

I  by  which  oxyjien  wiia  pepiuuil   in   the  pure  slate,  ami   it   has 

re  a  certain  hiaUifieal  inip<jrif»nce.     * 

I-  same  manganoso-ntiLNgjinic  nxide,  akhough  not  of  exactly  con- 
>m[)oeitioD,  is  formed  when  any  of  the  r>thor  oxides  of  maii^iiese 
.gaacdc  carbonate  it  ignited  in  tlii>  »ir,  and  this  form  is  therefore 
If  weighing  manganeai.'  in  atialylical  sepaT'ritioiis.  As  has  Wen 
Dcd,  hmvrvcr,  the  composition  is  not  quite  constant ;  this  dv[t€nds 
■taully  fin  till"  tcnipcratnre,  the  amount  of  oxygen  decreasing 
■|a»  the  tcmpDHiture  rises. 

3.  ManganaQlon  and  Perman^fanamon.^  Although  rom- 

>  iif  a  pentavaknt  niiirigaijiCiiL'  are  not  kriou'ii,  inangnnlc  acid, 
J|,  OAn  l>e  regarded  ««  a  partial  anhydt-jiie  of  the  hyilrnjcid(y  of 
tient  maiiganeae.  for  Mn(OH),,  -  IHJ)  =  MnOj(OH),  =  HjMnO,. 
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Tliic  uit«fprMj>tjoB,  hovflTcr,  u  in  l^  Ant,  instftiico  only 
for  neither  is  the  hexahydraxide  ilaeU  nor  com  fx^n  iid$  ' 
qiondiiig  to  tt  knovn.     It  will  bt  iaaad,  bowevvtr,  ihat 
Iktion  is  m  oonvenieiit  one  in  dneuasing  the  oxidatinti  i 
of  the  m*aghnt9e  canponnds. 

Free  mtinyiitur  itriii  i«  not  tcmtwii ;  it  is  nn  more  possitile  lu 
it  pure  tliAn  it   b   to  prepuv  thiomlphnric  »ct(3.  for  iu  ftn»  -' 
exist  Along  with  hjdnoii  in  solution  vithmit  at  uiice  iindtir^ioi  i 
fomtAlion.      It  is  koow-u  only  tn  iu  nit^,  which  ai'e  r^tuMe  ra 
solutions,  liut  in  neutnl  or  acid  Bobitkiiia  itre  imme^^liatrly  h 
into  pemumganinion.     The  analysts  of  the  siXt&,  and,  niur^  itrK^ 
the  ]>r«>noiint'«d  isomorphism  of  Uieee  with   the  8ulpli»t«s,  Itwi 
formaU  MnO,'  for  tb«  anion,  and  H^nO^  for  the  aekl. 

The  salt£  of  niaiigauic  acid,  or  th«  mip-^pjmtivf-,   are  rein 
formed  hy  healing  any  manganeae  oompooml  with  strong 
G37lK>nai«^.     If  ]»tas9ium  or  sodinm  eiiriK>nui«  {•»•  Ik-ii  : 
of  these)  is  heated  to  fusioD  and  a  tni»  of  niauganes«  in  ■»-< 
added  to  it,  the  Utter  dittolvcs  with  abaiirptjon  of  oxy^n  li 
air,  and  imparts  a  "Aae  dark-gram  colour  to  the  mole.      On  nnJin^^ 
maffi  appears  almost  black  wh«n  a  fiur  auuunt  of    Duuigaaeae 
Benl.  and  grefMiish-lilue  when  only  very  little   is  talci«in.      Thfl! 
is  so  sensitive  thai  it  can  be  ased  for  the  <ii?f«ction  of  man^ 
cnide  potashes  inicbeis  of  a  blue-green  colour   «re   fretjiR'nllt 
due  to  acddentHl  traces  of  man^oicse,  wbirh  on   hcutin^  1l»4<' 
coiirerted  into  uuuigauate. 

*  In  order  to  prepare  potassium  nianganate,  a  mixture  of 
luBite  iind   (Tniistic   potash    is    hmted  in   the  air;     nxygc-n  is  tbr 
ulworltenl,  and  a  black  mass  of  potaasinni  manganate  is  fonue4- 
this  is  dissolved  in  vater  a  dnik  green,  almost  opaque  solution  i*  { 
eren  with  very  smHll  amounts, 

*  The  is><:>morphisiD  of  mangHneee  vrith  sulphur  is  seen  when] 
sium   fiulpluile   is   added  to  the  above  solution,  and    this  AlltJ*Wi 
crystallise.     The  crystnls  of  potasstttn)  sul|>llat&  ara  oliUiine^l, 
in  all  tints  of  bright  and  d:uk  ijreeii. 

The  soUuiou  of  the  tmSe  potassium  maiiganatc  reinaina  tine 
when  it  contains  a  large  amount  of  pot,ssfa.      On  iidiliii"  itnv 
9oltitioii  Acqniresa  fine  red  coloiu',  aii'l  th«n  contains  lumthei'  cump 
which  is  derived  from  Itrjiinmknt  mnngfinese.      The  same  colour 
ocetirs  on  Allowing  the  dilute  aobition  to  stand   in  the  air ;  tbr 
ehunge  is  then  elfccte*!  by  the  «trl>on  dioxide  of   the  air.      In 
from  green   to  red,  th«  solution   jtiis^se^  throilgh   a   irutnl>er 
incdiiite  \-ioIet  and  blue  coloura,  and  this  change  of  colour  lias 
for  the  sulifitint'e  the  name  *' ininernl  chameleon," 

Ori  adtiirig  .1  fairly  large  excess  of  ordjnnry  caustic  potaah  w^ 
solution  after  it  has  b«come  red,  the  colour  again  changes  fairly :  ' 
to  green. 
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WTwn  the  recWoloured  liquid  ia  evaporated,  a  jkiU  crj-tttiillisfts  out 
Jmost  liliick  crysUils  with  a  nie-UiUic  lustre,  thu  coiniMHitioii  of  whiuh 
rTpres«iit*d  by  tho  formula  KMjiO,,  Apparently,  therefore,  it  ooti- 
ihv  same  iuiis  as  jtotassiiim  nmngniiHte,  only  iit  tiilTereiil  propar- 
therp  being,  in  the  present  cjiae,  only  one  comhining  weight  of 
mt  to  one  of  the  ion  MciOj'.  inaU'nti  of  two  iis  in  the  case  of 
nuiiiganiites.  Thje,  hmvevGr,  furnishes  the  I'seeiitiiil  <lialiin.'lion 
ween  the  two  compoumls,  h  distinction  w-hirh  ia  sinLiltir  to  that 
111  forrocyaiiide  and  forricviuutic.  Thf  lona  of  polaaaium  man- 
ire  2K'  and  MnO^"  :  thosu  of  the  ret!  salt,  whicli  ia  called 
pmwm^ojwie,  K'and  MnO^'.  Whereiia,  ther'cfore,  the  former 
MiiO,',  ia  siniilai'  to  thut  of  divalent  mlphanim,  the  com).io«l.ion  of 
la.lt«r,  Miill^',  is  such  as  to  iimke  It  more  cortijwirablc  wiih  thiit  of 
mniiovalent  funrhUnvinori  ClO^'.  As  a  matter  of  fiHjt,  the  two  are 
[iniiiqvhi>iis.  nnd  if  [HitaBsinm  jifirchlotiite  is  nlknvefl  to  erystiillise  in 
ticc  uf  aoiuc  poliLBsiiiin  pcrmanguiirvt^',  mixed  crystals  are  ubti^uied 
liyiiig  from  laigbt  to  dark  red  in  colour  ;  this  e&n  be  seen  with  especial 
c  »nd  distinctness  under  the  microscope. 

IVnnait^nit  acid  can  lie  regarded  as  a  partial  anhydride  of  hrpla- 
mi  Inaaganeat^,  for,  MjifOH);  -  3IL0  =  HMnO^.     In  agreement  with 
St  was  set  forth  uii  p.  34K,  pennnng-inic  acid   h:is,  acconlingly,  to 
Tv^ttk'd  as  a  higliur  stage  of  osidntion  of  manganese  than  manganic 
ii,  and  must  therinfore  he  (ormiiil  from  tha  latter  by  nnwinB  of  oxidis- 
ga|:*nla.     Ae  a  miiltur  of  fuct,  the  transformalioM  takes  placfl  moat 
lOlbly  when  chloriim  is  passed  into  ihf  solution  of  the  manj^nate,  for 
■  loilo-wing  reaction  then  takes  pliice  :   i;iv.,MnO,  i-  CI,  ■-=  iKMnO, + 
KCl.     The  etiiiation   of   the   ions   is,    iJMnO;' *  Clj  -  2MnO.' +  201'. 
K  reitctiun  therefore  consials  in  ibt-  transfer  of  vnc  negative  cbargfi 
wn  MnOj"  to  the  chlonne. 

Ill  the  transf''intwai<tR  of  the  mHiDgHnatuM  inki  periDfioganates  in 
rid  lolniion,  a  p<jrtion  of  the  maiigiiiNinion  acts  »h  an  oxidising  agent, 
bt  mangimic  acid  being  reduced  to  niiuiganese  peroxide, 
The  rcJU'tion  may,  for  cxaniiile,  lie  written:  3K„MnO, 
MaO^  +  1K^'&^  T  MiiOj  t-  2H./>-  It  is,  however,  nitn-e  inslmctive 
)  write  it  so  as  to  show  only  the  reai'tiTig  ions.  We  then  have 
MnO/  r  iK  =  2MnO/  r  Mnd,  4  2HjO.  This  showa  that  hydrion  is 
up  in  the  process,  and  this  explains  why  it  takes  pl:ico  hi  add 
Bdlution. 

Thiii  ih+^  niverae  tninflforniation  from  permanganitnion  In  man^ti- 
»niwi  lakes  place  in  alkaline  snintimi  is  to  be  attributed,  on  the  one 
Iwni  ifl  the  L'onAnmption  of  hyiiroxidirin,  which,  of  coiirHC,  lakes  pluco 
•nwp  easily  in  solution  containing  a  large  qujuidty  rtf  hydroxy!.  The 
ttdivciiij;  action  which  is  at  the  fiiirae  time  necessary  is  probahly 
•Miciiod  by  organic  subatflTices,  uhieh  are  generally  present  riij^olved 
w  tte  csiulic  potash.  Wliutker,  in  (njcordaiice  with  the  equation 
2HaO,'4  SliiO,+  40H'  =  3Mr»0/'  +  2H,0^  peimingananion  along  with 


4HN0«  = 


604 


PRINCIPLES  OF  JNORGAKIC  CHEMISTRY 


nmngan'Cse  peroxide  can  change  uitftmaiigiirjanion  with  ooiuymptioo  ( 
Iiyilrnsyl.  has  not  y&i  liecii  sufticitiitly  invesligati'd. 

Ill  ooiitradistinutioii  U>  m^in^ftTiic  ackl,  pevraiir)g».ni(-  iioi>i  is 
slAhle  in  acid  solutinn.  An  aqiieoiia  Holut.ioii  of  pfrniitngiiiiic 
can  li«  olitaincd  by  dtconipnsing  the  Wirium  aalt  in  diiiito  solntion 
aulphiii'ii;  dcid.  A  re«l  Jtnlulioii  is  thus  obtiiined  >rbicli  looks  lik« 
of  any  permanganate  wlmtover,  and  which  cnnductB  electricily  like  i 
equivalent  solution  nf  hydiwhluric  acid.  Perman^miii.'  iwiA  it 
fora  a  flnmg  add,  whose-  aqnetnis  sifilutionw  are  Uri^ely  UiseocintM 
at  a  inoilcnUi'  diliittDTi. 

Of    cha   atilu  of    f)i?i-mangiinic    acid,  the   most   imimrtAiit    is 
pnlnaaiuHi  is.ilt  iilrejuly  nicntinncd,  ti,a  it  ib  not  very  readily  snliiMei 
cryetiillisws   well,   aiul  can  thwrclore  easily  !»   preiiiired   pure.     It 
manufactured  on  tlie  largo  scale,  and  in  recont  timen  to  ii  lurgu  uxWOB 
by  cifi-tralylic  oxifhition. 

I'lirf  pormanganic  arid,  HMnO^,  is  not  known,  but  its  mihtiiinJt^ 
MtLOp  iy.  It  is  oliUiined  jik  a  lirown-green,  oily  liquid,  whitfc 
aapm-atea  out  in  drops  liy  viii'iafuUy  adding  concentrated  ^nlphiinc  add 
to  dry  potjiseium  pGrniangiinate ;  ft  is  very  volatile.  Kven  at  tit 
oiflinury  teniporatnre  it  is  converted  into  n  red-inolet,  rt^adily  tlwflW; 
posaldu  vapour  wliicb,  on  slight  provocation,  decoTnjKWPs  with  i'\|ilnei<ii 
into  oxygen  and  miingnnRsi!  peroxide,  the  latter  floating  around  in 
bfoWTi,  cobwt'b-likp  Hakes, 

The  perniangariatea  are  very  powerful  ori/fisipi/  H'jruh.  and  an-  U"**! 
as  aiicb.  Fairly  large  quantities  are  uaed  in  the  rhemiutl  inditslrf, 
eapocially  for  the  oxidation  of  organic  suhstaticee.  To  the  sanii'  |i(* 
perty  is  due  ttR  application  for  purposes  of  disinfection,  treatini! 
woiuids.  etc. 

The  mode  of  nation  of  pennanparaniori  in  oxidation  vari*'s  nc 
ing  MS  it  is  employed  in  acid  vr  in  alkidinc  solution.  In  the  fcrnw* 
case  a  mariganuiiB  salt  in  formud,  in  the  latter  maiiganOBo  jH^roiide. 
Since  the  latter  is  ^  higher  »tsge  of  oxidation  tbaii  dimangftnir^n,  dl» 
oxjdation  action  is  more  fully  taken  advantagB  of  in  Uia  former  cMB 
than  i'n  the  latter. 

The  oxidising  action  is  so  powerful   that  almost   all  tirganic  wiV 
etancea  are  att^wked    by  pennanganatf,       Thd    hydnit^d    m  ■ 
pprovide  which  is  thereby  tornied  separates  luit  on  the  snbst.i-  ■ 
coiouria  them  dark  binwn.     On  accounr,  therefore,  of  the  resulting  'i^ 
cora[H)sition,  solutions  of  pernifinganates  must  not  he  Altered  lliriHi^ 
paper  nOr  ki;pt  itl  contact  ■with  itidiar«bbor,  cork,  or  such  aubslance*. 

"   The  brown  coloration  am  lie  I'eadily  remnved  by  nK'4irH  of 
phurous  acid  ;  8olnb|ii  ipjuigiinous  sulphate  ia  Lhoi'cby  fomit*il  :  Mnf 
SOj  =  MnSO,  ' 

■•   The  same  reaction  also  takes  place  even  in  the  abaenca  of 

<   ta  part,  nliOi  mmnguisiw  ilitblonAte  iit  fanned :   IdiiO}  +  SBOg  =  UiiS30^[i:L  p.j 
the  Intter  isi  formeil  (liir'ly  "lien  cryiliilHjn-  penniiUe  is  iiseil,  •«'!  nt  a  Inw  tunijwr  "■ 
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;  ii  tlurefore  miide  use  of  in  order  to  remove  suipliur  ilioxide  from  gas 


Tlir  «oliitirjnB  of  che  [)erniiuig; mates  can  all  lie  readily  identified  by 
filit!  roU-violei  CuKiur.     On  tsjcaminicig  the  tniiismittcJ   light   by 
of  the  prism,  five  t'aJrlj'  slwrp  iibsorjitiun  bands  are  seen  lying 
SB  the  yellow  aniJ  ihu  gruuu.     With  e^iiivnl^iit  solutions,  th'Csv 
have  eJiactly  llie  same  jrosition  and   chjvrn.ct'ei'  for  all  ]irrniaTi- 
tt«»  ;  tliey   nrv    shown   idao   jn    exactly  tln^  snine  wuy  by   ftfc   pui'- 
liir  aci<L     This  jjrovL'S  that  wv  are  ilealing  heru  with  a  deliiiite 
Mty  of  periuu.nj^kniinii}ii,  MiiU/,  which  r<'ni.*ins  independent  of  tbe 
inn  present  at  the  sarai;  time  in  tlicantiiUou.     Since  these  bunds 
ibe  ni^a&uri>d  v.itU  great  escuL-tness,  it  has  l»eoii  jioasibl*;  in  this  ca^u 
iptivi-  ill*'  identity  with  great  strietness. 
Potnssiam  |>riTn,in{pLnate  is  employfjl  in  analytictd  chemistry.      For 
its    aolutinn^    Hi-e    su  sttmi^ly   (-iilouretl    that    even    very  small 
ntities  can   lje  rwogniaiMd,  a.  luuthod  ior  the  voliuuetric  duterniinu- 
I  of  raiueiittj  ui/ntls  has   been   luutcil   on   the  fact  that,  on  oxidising 
permangiuuite,  the  red  oidour  dJisuppears  so  long  as  reducing  siili- 
i&  ntiU   pre&unt.     So  soon  ua  this  has.  been  used  up,  ev^ii  it  very 
.  exeoas  of  permanganate  iM.n  be  recognised  by  the  i>ermanfliice  of 
I  ni  ooIoralioiL 

This  method  is  uhiefty  iisud  for  the  dotermimition  of  ii'iin,  sincf  in 
solution  this  is  imniodiately  cotiveited,  even  in  the  eoLd,  from 
to  triferrion.  Since  the  man^iLiiL^SG  in  piiesing  from  permau- 
aion  t4)  tlimangiinion  einka  from  the  heptavalent  to  the  divalent 
fivy  oxidation  units  ai*  available.  With  thune-,  five  condiining 
bta  uf  iliferrion  t-au  be  oxidised  tu  triferrion,  ainee  for  eaeh  euni- 
weigbi  only  one  unit  is  nueessary.  If  the  liijiiid  is  imagined 
\rith  Bulphiirie  add,  the  i^f^uatioii.  when  written  in  tha  usual 
er,  riins:  lOFeSO,  ^  SKMiiU^  +  f!U„S0.  =  5Fe^tSt>J^  -  K.SO^ - 
8HjO.  Omitting  the  uoii-ei^sentiiil  ions^  we  obtjiin  the  much 
!  ciniple  eijnation  :  oFe"  i  MnO,'  -^  8H*  =  sFe"  ■•  Mn"  +  4H,,0. 
The  d>vt«riiiinatioti  is  perfoimed  by  placing  the  t^ulutJun  of  per- 
it«  ill  a  burette  fiiniiBhed  with  a.  glass  stop-eock  and  allowing 
rto  mn  into  rbe  fdutioii  of  the  fen-oil's  swlt.  Sinee  the  method 
Ills  on  tli<?  nxidatinii  i>f  dlferrion  to  triferrioii,  all  tho  iron  whicli 
desired  to  dctentiiii«  must  be  present  &s  di/crritm.  Iti  order  to 
oliuiii  this,  or,  as  the  aise  may  be,  to  make  sure  of  this,  the  acid 
is  treaUitl  with  metallic  «inc,  whereby  aiiy  trifcrriou  which  muy 
snl  is  converiBd  into  diferrion,  a  ei]ri'eB])onrliiiig  anLOunt  of  zinc 
f««i!ttg  inli>  *olutif>fi :  '2Fe" -t  Zn—'iFe"  ^  Zu".  Tli«  percnanganjile 
« ifani  aliowc-d  to  tluw  inw  the  solntiou  imtil  the  last  drop  gives  a 
iwk  Mlomtion  to  the  li<|uiU.  Tli^  liquid  must  be  raftintj»ined  fairly 
■trangly  acid,  as  a.  large  amount  of  hydrion  is  used  «p  in  the  reaction. 
Ilydrocliliirie  aeid,  howeveri  nmst  not  be  used,  fiince  this  is  partially 
UtdiMii  to  ebloritie,  and  loo  much  permanganate  i»  therefore  required. 
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*   It  18 onljr  in  telepresence  of  trifenion  that  this  oxidatkuciM 
chloric  Acid  t^liAfi  pliie«  in  si9fBci«nt  amount  to  cause  an  ctntkl 
miiilysis.     If  no  iron  is  preoeiit,   tL  i»  possible  even  to  wim 
solutions  of  tbc   two  subalAtices  without  &ppr«<riA)ile  jMtioo 
We  are  therefore  here  dealing  with  a  case  of  catalytic  inlluccior 
pre^nce  of  <liTuaii^iiioii  greatly  retardij  the  uxidatioo  of  hjdnc 
Aciti   liy  pcmiftiigHTuitG ;  if,  tberiefore,  for  other   rc^suns,  iron  budII 
titnit^  with  )>emiang!MiatG  in  liytiroehloric  ncid  solution,  it  n  I 
ut  pruvioiL»ly  >uUi  an  Abiiii<]rLiice  of  luangAiiouB  atilphutt^ 

UvaiflcA  lieiiig  useil  for  the  (let«rmiibation  of   iron, 
chitifly  i;ni|»Ioyekl  fiir  the    titration    of   ojralic    aruf    aim] 
Thi'   former  thi»r«liv   ]>,-L»8i>it    into   carbon    dioxide,    uod  w#" 
equ/ition    5Cj,0,"  -  2.MriO,'  +  16H=  lOCO,  -  2Md"  +  8H,0. 
ui|iiatJoii.  *-\0^"  is  the  ion  of  oxalic  add      If  it  is  dt^iretl  lo 
eqUHtiuti  with  n-apect  to  uiidissociuted  oxalic  acid,  it  is  only  no 
to   unite   llie  corresponding    lOH"  with    the    50^0.",   and   ire 
5C,0,lIs  +  2MnO;  -  ^H*  =  lOI^'O,  ^  2Md*"  +  SH^O.      In    the 
state  of  afr»ir8,  this  other  luethud  of   writing   the    rescUoii 
difffri'uce, 

Thia  method  is  used  not  so  mtich  for  the  determt nation  of 
acid  (which  ciii  lie  muie  con\.?niently  detcrmineti  bv  tueauu  trf 
tLS  fur  the  estimation  of  oxalates,  e.g.  calcium    oxalate.     On 
of   the  great  sensitiveueiis  of  the  reaction,  much  emaller 
calcium  oxikhitc  can  be  detet-niiiied  with  permanganatt!  than  iy 
ing ;   and    the  luethod   is,   therefore,   employed    whc-i-e  «s 
determiruttioii  aa  possible  of  very  siuaII  iiuantities  has  to  be  msU 

Tlie  volimiL'tric  iltit^rmijiation  of  nitrous  aeid  is  also  carri^ 
acid  solution,  and  Utkea  place  in  acconifince  with  the  equation  2M 
5N0^'  +  6H"  =  2Mn  "  +  SNO^,'  +  3Hp.     The   reaction    doea   (wt 
phtce  instantaneously,  and,  of  course,  occurti  all  the  more  slovlr 
concentnition  of  the  nitrous  w^id  decreiu*es  iluring  the  rfjiction. 

Finally,  the  use  of  penuanganate   for  the   detcrniination  o( 
gaivM  ilself  in   the  form  of  dimangauion,  must  be  mentioned 
the  two  ions  meet  in  feebly  Mcid  solulioit,  they  undergo  double  iIm>| 
position  to  manganese  peroxide,  which  is  (le[)i>sited  as  a  brown 
tate.     If  the  pfecipilatiori  i&  carried  oat  in  the  heat,  the  piwi! 
settles   BulScieittly   quickly,   so   that    the  aiipernataiii    li<iui<l  il 
becomoe  clear,  ami  it  can  he  geun  whether  it    is  eolouied  |i«i 
excess  of  permjingniifitti.      We  obtain  the  equation  of   the  reafi 
we  consider  Lh^t  «ll  the  miinganesa  is  conven^Kl   into   the  wtni 
form.     Each  combining  weight  of  dinianganion  must  therefore 
two  units,  while  the  hcptaxalent  mangitueae  of  p<!titiaiir^ii»i)iun au, 
up  three   units.     Two  nioleciiles  of  perm angaiian ion,  tberefnre, 
with  three  molecules  of  dinnuiganjon,  and  wa  have  3Mn"  +  2Mii' 
iOH'^SMnO.  +  2Hp. 

Hydroxyl  is  therefore  ufiecfrnpin  the  reaction,  and  the  liquiii 
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iicid  if  wo  .tUrtCil  with  ii  Jieutml  soliitLoii.      In  atroogly  aisi'l 

the  rt'ACliuii  dues  not  iiiTur,     Furthfir,  imri!  mftngiinese  peroxide 

ed   only  wIh"ii  ii  Iwist   is  present  which  c:iri  coniliiiic  witli  it  to 

ni  a  manganite  (]».  fiOO).      All   tlitse  ronditiuiis  jira  fiilliili'cl   if   tlje 

iripiutioii  ii  oun-ieJ  i.mt  in  prusieiici.^  'jf  an  <:xKS!i  of  ;i«'-  ".m-''-. 

5'J-1.  General  Remarks  on  Oxidising  and  Reducing  Agents. 

Ul   oxidLiirij;   ;ij^f>iits   ain   (in   tho   prosenco  of  w-jiter)  lie  f'lrnially 

I  us  liytlmxyl  (;nni|)miriiiB.  jim!  all  rt-diu'iiig  nyLMits  as  hyili'ogi-n 

ikU    'if    the    piirtiL-iiUr    eleiDfuts,       The    fornialm    ■'►f     these 

«idea  juid  hyilridca  iiro  thoacii  such   that  they  iire  obtained  hy 

addition  of  the  elemiMits  of  water  to  tho   vjinoua  8ul>$laFice«.      In 

case  of  man^iiese,  for  lex&mple.  vre  have: — 


M  Ui  ica.li  ir  nriii't^ 
M*.U){».lrJlIi?  naif H 

Pei-iiiBU^natB  ieri«H 


Mii(nH)3«li»ilBiii 
MiitOHh  triTslcnt 
MiiO.,  +  -iB-P  =  MiilOH \  ii-rriivBl!e>rt 

I!„>[i]0j+2H.,I)=  Mn(OH|„  heiavalont 

IIAIiiO,  +  aH.'n=  Mri[iHiir  liepiavalant. 


Aa  an  example  of  tt  BtTiea  of  reducing  ai^ents,  we  chooae  the 
Dponrida  of  sulphur.  Tfikittg  sulphuric  jicid,  the  hydroyen  coiii- 
tnd  of  SO4,  OA  the  initiiU  ^uhetance,  we  have  the  following  formulit: — 


Siilpliam  Ni'id 
Siil|-)inruiis  iKt-i 

Sulphuretted  hydio^eii 


H^SO,t1I.,O  =  M0,.  h, 


In  order,  therefore,  to  oxidise  sidphiiretted  hytlrogeii,  for  example, 
sulphuric  ikcid,  10-3=8  oxidtttion  nnils  must  he  mteii  up,  IE 
i  QStdiilion  is  to  he  carried  out  in  sicid  aolution  nith  pcrEiHrigauate, 
|nW  diiivingiiknioii  is  formed,  thiTc  are,  for  each  molveido  of 
■H^lttkte,  7  -  '2— a  oxiiliktiun  unite  iivAitahle,  and  since  H  and  5 
re  no  common  fiiclor,  5  parts  of  sulphuretted  hydrogen  nuiat  he  used 
a  parte  of  permanganate. 

In  order  to  complete  the  ecpialion.  we  must  consider  that  the 
lioBa  produced,  viz.  S  molecules  potassion  and  8  molecldes  dinmin- 
BUHi,  ra]iiire  tfjg^ther  2+  equivalents  of  union,  of  whicli  ^  S  yiotd 
ly  10  as  SO, ',     Other  14  e<j til v;tli?ji ts  of  some  acid  iiiii*;t  therefore 

add«d,   f.«.   "H^SO,.     Wi-  therefon^  obtain   the  e(|iiation   511^8  + 
MaO^  +  7H^SO,"=  8MnS0,  +■  iK^O^  ^  l2HjO,  or,  leaving  out  the 
which  rem»^iii  unchanged, 


SHaS  +  8MnU,'  ^  UH  =  5S0/'  ^  8Mn' 


I2HgO. 


An  jni[iorUril  |Miiiit  is  with  regard  to  the  rilterjition  of  the  Jicid  or 
ic  condition  of  the  reaction  mixture  in  the  process,  for  in  genend 
Ii  a  change  takes  place  in  oxidations,  and  we  base  to  niak  hoiv  this 
to  bo  calculated.     The  answer  is  practieally  cnntiuned  in  the  abo^e 
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Qxamples,  still  it  mdy  be  useful  to  deacrilic  the  tuothixl  in  detail 
is  as  fullows  ;  Milking  ush  only  of  the  ekmeiits  of  M^ater  liesida 
reacting  BUb«tanccs,  une  examines  whether  after  writiiij;  the  ecj 
obtained  from  the  considEration  rjt  the  oiidation  valu^-s,  extess  of 
or  exccaa  of  hj'drojjiJe  npjicars  on  the  riglii-hiiiid  sule.  If  fpiJin 
point  uf  view  we  write  tho  e(juation  for  tiie  uxidaliuii  of  sntph 
hydrogen  with  permanganate,  we  obtain — 

oH/i  +  SKMuO^  +  2HsO  =  4K.S0^  +  MiiSO,  +  7Mn(0H)r 

Besides  the   neutral  salt?*,  therefon-,  7Mn((>II);  arc  formwl,  iy. 
equivalents  of  hyili-oxyl  i-emain  urisHiumled.  and  jis  laanj-  ei|aivH, 
of  itn  acid  must  tiieroforo  lie  added  in  order  that  the  sumv  acid  ni 
condition  may  bo  produced  as  before  the  reaction. 

Thc^  caluiilaiion  becomes  still  more  simple  in  the  following  «jJ 
From  the  prwielieally  rientral  riulphurettod  hydrogen  i.he  dilmaic  siilplimir' 
acid  is  formed  ;  since  .IH^S  are  oxidised,  this  eorrfs ponds  to  iin  incn'.ix 
of  the  ai'id  by  lU  equivalentB.  On  the  other  hand,  3  (.■i[ii.iv!il(*iiu 
of  Ijjiaeare  formed  from  the  neutral  permangfliinte,  vie.  one  rnunuvaJcat 
potash  ajid  one  divuLenl  manganous  hydroxide.  Ilie  8KMiiO^,  lti«n- 
fore,  make  the  reaction  mixture  more  hasic  to  the  cxtcnl  3  »  S  =  M 
equivalenla.  Siibtmeting  the  10  einiivalents  of  acid  from  this,  tli«n 
remains  u  baaic  excess  ot  14  eqiiii'alenta,  and  for  thirse  a  con-xvipund' 
ing  HTUonnl  of  neid  is  necessary  in  oitler  to  niaiiilain  i.lie  comiiii'in 
uni:  hanged. 

In  oxidation  and  reduction  processes,  tiii'n*f<j-re,  :i  change  iu  the 
neutrality,  or,  more  geuorally,  in  tho  auid  or  liasic  condition,  gentrJj 
oecura.  if  hydrion  is  used  Up  in  the  rcftutiori,  this  will,  in  act^inlunw 
with  the  law  of  mass  action,  take  place  all  the  more  ix-iidily  the  nmn 
hydrion  is  present,  or  the  more  acid  tho  solniion  is.  Tho  sanii'  hnliii 
good  when  hydrion  is  not  used  np.  but  liydroxiilion  is  forme*!.  Fiit 
since  the  latter  unites  with  liydi'ion  to  form  nentral  water,  the  W 
pi'uce.'isea  aro  e^nivult-nt  in  the  preeenco  of  water.  If.  on  tlie  conlr»iTi 
hydrion  is  formed  in  the  process,  the  latter  will  take  place  l« tier  in 
tilt!  preaeijceof  hydro.\idion,  and  will  lie  iiitardcd  or  renderwl  jintdicali)' 
impossible  by  the  presence  of  hydrion.  In  both  vrnma.  indeed.  gh«uii(»l 
equilibria  are  eatablished.  Very  frequently,  however,  tbeso  oquiiilm* 
are  ao  much  towards  the  one  side  of  the  rwiciion  equation  that  it  i* 
not  poeBibli!  to  dettict  tho  presence  of  tiie  eiibstaaces  on  the  other  si<lA 

An  example  of  this  is  alfordod  by  the  transformation  of  luuii.aait- 
anion  into  peiinangananion,  and  m-f  tvrsa  (p,  602),  Since  in  the  caw 
of  the  direct  chK)if;e  hydrion  is  used  up.  eorivspondinfi;  to  the  fipiation 
SMiiO,"  -.-  iR  =  2MnO/  -h  MnOj  t-  2H.p.  the  trunaformiition  »vill  '* 
promoted  by  the  presence  of  liydrion,  and  the  solution  will  contJiin 
permanganate.  If  the  hydrion  is  diJcreased  hy  the  preaeuce  uf  »  Isip 
ftmonnt  of  hydroxidion,  tlie  mangananton  is  stable.  Another  eKampl' 
ia   art'orded   by   the  behaviour  nf  iodine   in   presence  and  Abwnc  "f 


[XVlll 


MANGANESE 


60S 


liydrosidion.  Free  kuline  reacta  with  hydroxidioci  to  form  lodanion 
nd  iixiiitiiin,  in  iitcardanc*  with  tha  ef|uation  31^  +  60F['  =  51'  +  1 0,'  + 
IHgO.  In  thie  iBactiuTi  luiii-h  hytirnxidtt.iri  diBappfjirs,  and  tlio 
ction  must  thei'eforc  tjike  [ilaci'  niuro  Ga.9ily  when  il  is  present; 
a  riuittrt^r  uf  fiuct.  it  takfs  pUte  in  jilkidinc  solution.  /:,ii.  in  a  aolntiiufc 
ciitistie  .sfjdiL.  If,  however,  hydrioti  is  adtiiid,  the  reliction  is  reversed, 
id  elementary  iodine  in  ftgain  set  free  ;   .H'  -r  lOj,'  +  6H'  -  3Ij  +  SH^O. 

5D+.  Complex  Gompomida  of  Manganese.— Manganese  can 

irm   vritli   vy;inoj;fii,    i;M[ii[i..uiids   whkh  aiv   <iuiti'   similar   to   tKiwe 

rhich  w*  Iijive  .ilreiidv'  disciissefl  in  detiil  in  dn.-  aun^-  of  iron.      In  this 

ise  iiko  ■wo  huvtr  the  twi*  utiries  of  compound*  derived  from  ii  tvli^n- 

vnleiit  iiiiini;;iirmLTii.niiUoii,   Mri(CN)„"",  ami  a  trivakuit  miinganicyani- 

Ldioti,  Mii(C'N}„"',  a-nd  hoiU  rti'e  obtJiim-*!  in  a  iimnner  simikr  to  the 

jrrosfion'iling  iron  eompouiids.     They  are  Ixith,  however,  less  atal>le, 

id  the  maiiganicyanidus,  move  i^j^pfiiially,  through  their  reatliiii^ss  to 

indergii  dtconipositicm,  itcmII  the  ailts  of  tnvakint  nmnganpse. 

Pot^aiiim  maii^juiocyiinide,  K^MntCNj,,  +  3HjO,  ia  isomorphona 
nth  potaasinm  fermcyanide  Jind  <;rystallisea  in  dark  Itlue  crysta,l6, 
?hic'li,  however,  yield  an  almost  coloiirk'ss  solution.  IVUissinm 
Mi^nicyanide,  K^Mii(CN)|,,  is  red,  and  is  laomorphoua  with  poUissium 
tcrri cyanide.  Its  itrjueous  soluLioitH  decompose  on  heing  boiled,  tha 
mgancsp  heing  deposited  as  manganic  hydroxide. 
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595,   General. — In   numv  of   it.^  chemical    iK-ciilianiiiea  cJimmtiimj 
closely  iillied  to  thf  niuuils  oi  the  iixiii  grr.nii»,  pspeeiAlly  to  iron 
nuingatiese.     On  the  othQr  hand,  it  is  celated  to  the  eleiuvnU  mol] 
ileniun,  tungsten,  .b.ih1  uranium,  which  must  W.  placei]  in  the  timt 
of  metal&i  au  that  ohmminin  could  Ikj  gfciH|>e(l  jiist  iia  wl-II  with  tha 
It  is  somewhftl  urliitrary,  therefore,  in  which  gi-oii]i  it  is  jiIucm]  :  lliitt  1 
ie  liure  claBst'd  in  the  iron  ^oup  is  done  for  didiicti'ir  n.<a«tins. 

rhromium  is  closely  reliiteil  to  manganese  in  tho   uuiulier  of 
atiries  of  compounda  whirlt  it   Uinua.     Whereas,  liowover.  iii  the 
of  mmigaiieat!,  thi;  ucids  corruspouding  to  the  highlit'  atagps  of  nxidmid 
vverti  somewhat  iinstiible,  these  belong  in  the  fuse  >ti  chrDiuiiLin  to 
most  inqjortjint  ttnd  lieat-knowri  (^ompuniicls. 

Chi'omium  forma  the  following  aeriois  of  compounds  : — 

Salts  of  tho  divnlent  dichromion,  C'r". 

Salts  of   thy   trivalent   trichnmiiur,   Cr'",   mid    omnplnx 

pounds  derived  from  il. 
Chrnniiuni  trioxide,  CtOj,  and  acids  derived  from  it. 
Chromium  peroxides,  whoee  composition  ie  not  yet  known 

certainty. 

The  fiirihiinng  weight  of  chromium  is  Cr=  52'1. 

596,  Metallic  Chromium  w:is  for  long  known  only  in  the  fu 
of  lilt   impure    prurluci   containing   eji.rl>on,   since   iht;   fusion   of 
ehromium  <:<>ultl  not  \tv.  otfuetc-ii  tin  aeenuril   of  its  liijfh  mellingi 
By  the   i"efluLlioii  of  chromium   oxide  with  ukiniiniiim.  in  accord 
with  Ji  geufniil  raethr.xl  ^iven  hy  II,  tUihlschmidt,  vorv  pun'  wot 
chromium  is  now  miirmfatturud  in  kif^e  quantities.     It  is  Hand  in  ' 
iron  industry  to  adiJ  Ut  stocl  ((.'hromium  atoel). 

"  This  preparation  is  carried  out  l«y  mixing  chromium  oxide 
aluminium   (wwiler,   both  carffiilly  dri»l,  anrl  initiating   tin-  reiictifrt" 
with  a  snifill  quantity  of  the  mixture.      For  this  u  very  high  ii'iupt-ni- 
umj  18  ueeessury  ;  this  is  produced  Uy  mixing  ahmiitiium  powibr  willi 
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:i    peroxide,    forming   a    pill    of    ihh,   And    sticking  a  piece   of 

-iiiin  ribUjii  iiiltj  ii.      If  t.lit  tn:Lgn««iiiin  rililMjn  k  iuriiled,  whitli 

•loiie  with  i\  iiiiiti.'h.  thi'  comliUKtion  of  th('  altiiiiiniiim  with  tb« 

II  I'f  ili^  iMriiiTn  pernxidf  hfgiiis;  the  nnasra  thert-bv  becomes  white- 

■  'A  initiatot^  tLe   reftclion   in   the  iiyighlK*iiriiig  ]>nrti'>tiB   ff    the 
lirim  iiiixtiirp      In  pm)H)rtinn  as  this  iindergiH'-H  tnLiisfQnuiiLioii, 

■  if  the  nautmr-e  is  arldeil ;  the  tcmjwi'rttiire  thereliy  aoon  risoa  bo 
'hat  the  chroiniiiin  fiixes. 

The  methwl  hjis  the  ndvfintwge  that  it  doee  not  require  a  epeoinlly 

furnaei^,  hut  e»u   he  eiii-ried  out  in  Hii  ordinary  cnicililc.  prefi'r' 

me  (if  inagnesia  ;  the  outAidi'  of  the  cniciblc  Kecomua  only  slowly 

On  account  of  the  hif^h  tempctiiture  uf  fusiiin  of  chrnmium, 

•>r-itioii  of  the  fused  metitl  ia  Buceeasftil  only  wher  faii-ly  krgo 

ire  emphiyod,  hut  then  with  esise. 
A   -imilur  method  is  used  fur  preiKiririj;  dthur  iii«l:dB,  and  ;ilso 
Iw  t!if^  jirtKiiK-tinn  of  very  high  tem[ieriiliirea,      lu  the  Utter  case  cheiip 
'     ir.rd  oxide,  urn  used.     With  sueh  mixtures  fusiiins*, 
^.    ...   L.iii   lie  cjiiTipd  out  on   ihv.   spot   with   yrt-jit   e/isp   und 
iy,  BO  that  the  mi^tlnxi  ia  of  great  techiiicjil  im|iort;nieu. 
rhmmiiiTTi   is  a  lustinus  whiter  very  hurd  melul,  the  melting-point 
which  IB  Jtlvout  21*00°.     Its  densily  is  H'W.      It  rem»iiiH  nneli«nfi;(«d 
tbr   iijr  :  even  at  a.  rrd-hciit  it  Wi>nie8  only  slowly  eoatod  with  a 
litytir  of  oxide,  whieh  oxhihit^  the  colonrs  of  thin  plutea.     It  is- 
■cd  liy  dilnle  hy  Iroi'hliirii*  (tnd  su![jKn]'ie  arids.  with  evoliitioa  of 
Nitric  ikcid  does  not  uttuck  it,  siaeo  it  hocomes.  "  pjissive  " 
tlutt  ocifL 
•   Chromiiira  pass^a  into  this  ptissi^'c  stars,  i.f.  ccti«es  to  be  attacked 
wridn.  even  hy  lying  in  the  air.     Thc^   nict^d  when  in  this  state  ia 
Hltoi'kt'd  at  the  urdinjirv  temp  em  Hire  hy  dilute  neids.     Treatmeiii 
met«.1  with  strung  oxtdiait>g  agunta  has  the  sJime  efTeel.      If  thd 
metal  is  allowed  ti)  lie  for  a  fiiirly  long  time  under  aeid,  or  if 
vntrmed,  clitjsoliition  with  evolution  of  hydrogen  etiddenly  com- 
]f  the  metal  is  usekI  as  »n  anode  (p.  195)  in  dilute  ncid,  it  is 
by  weak  currents  into  its  lowe'St  comt"nind,  n  chromcius  erdt. 
VVT.  the  strength  i>f  the  current  ia  inereiwed,  tlie  luetiil  suddenly 
jn»  to  dicHolve  in  the  form  of  its.  highi-nt  sUige  of  combination  iie 
nnoie  acid.      The  passive  mi'titi  likewise  lieromea  iiclive,  i.if.  beeiime* 
nhic  in  ffciile  wlion  it  i*  touched  with  a  piece  of  zinc  vt  similar  metal 
ler  acid. 

An  explanation  of  these  remnrkiible  phenomeiwi,  aufHcJent  in  all 
iru!;ti-«,  h.HM  not  yet  liri'ji  fotinil 

b'j'.  Ohrotnons  Compounds — Dieiu-fimiim,  rr".  is  colonn-wi  blue, 

a   very   jirunoDiieed   ti^ndeney   to  [wiss  into  the   tiivfdeut  tri- 

•n.      Jt  is  a  very  stronj;  ivdueini;  agent,  and  eau  even  deeuiuptjae 

ilw  with  evolution  of  hydrogen.     The  thromous  aiilte  can,  thfireforv, 

(ditained  puru  oidy  with  ditlieulty,  and  in  aipienus  E.nhition  cannot 
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be  long  ktpt  without  {mgsmg  iiitn  elimmic  aa]t«.  They  a 
eiisily  (jT>L»iiiiot]  by  r^issolviiig  mL'tfillic  cbroiniiiin  in  diluU'  iieid 
can  also  Ijo  pi'epirwl  by  ttie  rwinctinn  (if  utironiic  conipouiwls 
iiiotallic  xiiic,  From  the  Holiitiuna  luiHca  precipjuite  cliromous  hyi 
ide,  Cr{()\\)^  us  ;i  ydluw  [»['fL-ipitatt%  whicli  in  tliu  irmist  ^Uitc  yi 
iiitu  chraniic  oxidi.'  with  evolution  of  liydrugQri,  and  is  uixifjjseil  ah 
immediately  in  theair.  Tlimn^'ii  the  sponlaiieoita  tixidation  nfobrfJir 
amal^Lm  in  the  iiir,  black  rf,r"iii&iiJi  ujuir  is  formed,  which  pusoy 
thp  green  chromic  oxiiie  on  being  pnwderfd,  I 

Frciiu  the  s'jiliilinns  nf  the  I'-brunnnis  aiilte  cxcobb  uf  scxliuni  Me 
precipiuiteB  diffiL'uUly  soliilik-  rkT'iiiiniis  'Upt'i.lf,  a  dark-rciil,  rryslal 
Salt,  which  vmt  hv  Wiiahcd  and  ilriod  if  iiir  is  excEixleil  ;  it  is  iilii 
the  unly  ftiirly  stiible  chiuridiis  L'timpcjiiiid.  Thi'  ai|uenns  a 
prepiiied  ivith  the  Itlp  of  hycJrwi-bloric  uciii,  is  need  for  the  a 
of  free  uxy gaii. 

By  igniting  i^hromic  cllloride  {i»d^  infnt)  in  a  current  of  hi 
white,  difficultly  volatile  clironuma  chJcinde,  CrCl^j,  which  dii 
watiir  with  tt  blue  c<>l«nf,  ie  olitjiiiied. 

598.  Ohromic  GompOIUlds. —  Ti-i'-hrfmwn  is  vifilet  roli(nin!»i 
in  its  properties  is  mo-^t  ne-irly  rolati'd  to  ahinittiion  nnd  fridin 
with  which  it  is  isomorphnus.  Ii  has  .also  ii  highly  develupod  U'riiJi 
to  form  complex  oompmirifls  of  ^11  kinds,  sonu-  "f  whii.'h  nw. 
80-mc  gvceii. 

Chumvir  hr/ilmH/ff  u  i*buiinefl  aa  a,  biiie-greeiii  precipitate 
action  of  anunmiia  im  snlutiuns  nf  the  chromic  salts.  whtTf'by* 
Amount  of  the  suit  readily  passeti  into  compleJt  ammoiiia  compon 
Chromic  hyi.lroxidi;  prccipitatoti  with  alkali  hydrnxitlc  dissolve 
exceaa  of  the  pi'«cipitant  ti> «.  tine  green-coloured  iiciiiid,  in  whii-h 
rorn)sjM)nilin{;  ii-UmJi  rj/r-nnitf-,  i.e..  n  ajilt  of  tht'  ariinn  Cr(OH),0' 
I'ont'iined.  The  sohitiori,  hcwev^jr,  is  very  inisiablu;  n  less  hT4ir 
.hydr'>xidi'  of  a  gri-en  ntbmr,  which  is  Icsj*  soluble  than  the  one  din 
pnji.-i]>it,'Ltei!,  siepiiPiLten  out  ipiiekly  when  heated,  and  slowly  in  tl 
Such  pherinniena  have  alrcaily  lieeii  disciiB&ed  in  the  caee  of 
and  iihuuiriiuni. 

By  ijnrtial  dehydrHlion  various  jmr'tial  aniiydi-idws  iitf  o 
from  chrOTiiie  hydroxide.  One  of  these,  uf  the  conipimitinri  Qr^ 
i«  used  a£  ii  pipnicnt  im  accoiuit  of  its  Hnc  green  colour.  On  igm 
rhmmic  ii.riii-^.  Cr^O,,,  is  fnrtiu't!  ;  this  cjin  also  Iw  olntninod  in  ctj 
line  fomi  hy  the  lircompositien  of  volatile  chromium  cotnimunds. 
then  crystallises  in  the  foinn  of  corundum  (p.  ^iiO)  Htid  foniis  hi 
green,  lustron-H  rhnmlnjhedra.  ■ 

Chi'ominm  oxiiIp   unites   with   oxides  of  divalent  raobila  tM 
aubetancos  of  the   type  of  ff'i'fl,  (vhith  are  found   in  re^lar  cry 
iaomorphiJUH  with   this  mihsUtncf.     ( )f  sui-li   eoi!i()oundu    by  far 
niiiwt  inipoi'titnt  is  i-hrolne  ir(pMsli>ne,  a  rompoimil  nf  chniniinm 
with  feiToiis  oxide,  Fet'rjO,.  which  crysljdliscs  in  blaeV  iiii;uhi<d: 
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Hhe  comixmnd  of  chromium  moat  tournl.  Chrome  ironstone,  there- 
^re,  forms  the  8tai"tiiig  auhstancw  for  the  preparation  of  other  chromium 
innpounrlg. 

Of  the  salts  of  the  chromic  aerice,  we  must  tirst  mention  the 
•ilia,  which  is  oliUiined  in  the  aiihyilroiiB  state  l>j'  heintiiig  chromjum 
ie  and  tharcoal  in  ii  cuiTcnt  of  chioririB.  It  sulilimeB  in  the  form 
ft  flne  violet-rcd  (pench-Moseom  r«l)  snbatiinCc,  conetstlng  of  s|«all. 
lati'oufi  scwles.  which  upptfar  to  lie  insohilile  in  water.  On  very  long" 
Mtact,  howuver,  somo  j^asscs  into  fioliitton.  The  diesoliition  takes 
ce  veiy  tjuickly.  with  appreciable  rise  of  iL'mjierature,  when  some 
loua  chloride  is  »dded  t*  the  water.  Other  strong  reducing 
its  have  a  simihir  iiction.  A  sufficient  theory  of  thia  acceleration 
not  yet  been  gii-en. 

From  the  Hqueous  solution  a  green  silt  with  GIL^O  is  olilaiued, 
^Itich  cjiiLiiot  >ie  directly  convisrted  into  the  auhv'Sroua  chloride,  aiiio*, 
Qte  the  chlorides  of  till  weak  bases,  it  lowca  hydrot'hloric  arid  on  being 
pnited.  Thi.^  green  solution  is  not  tn  be  regarded  aa  the  (piirtially 
fdrnljsBd)  normal  chloride  with  the  ions  Cr"  and  3CT,  for  on 
iing  silver  uitmte  only  ^rds  of  the  ehloiine  present  is  precipi- 
kted.  The  liiat  third  is  therefore  not  present  rts  ion  ;  the  eolntion 
l«)  coiitjiins  free  neids.  The  chloride  of  a  cciniplex  divalent  cjition 
itainint;  chromium  «n<l  chlorine',  e.i/.  ClCr",  in  therefore  present. 
tn  standing  for  a  lengthened  period  in  dilute  solution,  the  green 
our  of  the  solution  changes  to  violet,  and  at  the  same  tiwt!  aJmost 
the  chlorine  can  lie  precipitau^d  by  silver  nitrate.  This  corresponds 
the  formation  of  the  normal  chloride,  which  is  accompanied  hj-  the 
iuctirjn  of  the  violet  colour  belonging  to  trichromion.  On  cnn- 
itratitig  and  hmtirig  the  HobUioii  the  gi*en  ion  is  again  chiefly 
!ie<].  None  of  these  reactions  are  conipleti',  and  to  each  tempera- 
_-  and  concentnitiftn  there  corresponds  a  definite  e(]nililirium 
fctween  the  two  forms.  A  solution  contrLinin^  almost  aolely  the 
Ibnnal  salt  is  obtained  by  diaaolving  the  freshly  precipitated  chromic 
™droxide  in  hydrochloric  acid. 

\  The  two  chloride,'?  can  be  prepared  in  the  solid  state — the  norma! 
^le  hy  the  crvstallisiitioii  of  the  aohition  saturated  with  hydrogen 
jonde  in  the  cold,  thu  other  in  ihc  heat.  Both  salts  eonlitin  6H.,0  ; 
se  normal  iialt  i.**  gniy-bkjc,  (ho  other  is  green. 

53y.  Chromic  Sulphate,  Cr..(SO,),j,  exhibilti  a  similar  variety  o( 
iviour,  ami   lias  been   atill   moro  thoroughly  investigated.     From 
iiieoiis  solutions  the  salt   with   SH^O  is  obtained,  und   its  solution 
trhibit  the  ^-jolet  coloiu'  of  the;  normrd  tiichromion.      H  the 
b  hejitfd   til!    it    lia.R  lost   alxint   3H.,0,   it   bi'<'nmes   green. 
Mutton,    imiui.'d lately   after    being   prepjired,    oxhihit^   u 
■nductivity,    and    contains    therefore    scarcely    any   lonc 
bctii-ity  incren-'ios   very  rapidly  ;   but   ba.ri«m   chloride 
cipjtate,    which   shows    that    no    sul]thanioii   is   pr« 
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contrary,  various  chrtinifiiilphiiric  utrids,   or  their  cbroniic 
formed. 

If  mixtures  of  cliromic  siilphuto  and  siil|j)iun«  acid  in  vsrioiu 
portions  are  winrnifd,  sulwtrtiiccs  are  obtained,  the  rtt|Ufoiis  M>]\iua 
■which  give  110  i-wict.iiori  ivith  liai-iiin,  mirt  therefore  roiit.iin  mi  i 
^eiLhci'  do  they  exhibit  the  reactions  of  trithromiVjii.  Tliey  rot 
aimj'li'j:  rhmiiisiilphiiyk  aciiit.  Tho  amount  of  hydiiuii  which  I 
contain  corrcfiportds  tu  tlie  hj-drioa  of  the  eillpliui-ic  iicid  aJded. 
this  way  as  much  as  SH^SO^  am  l>e  foniliiiierl  with  Cr,(SO,)j, 
piiliitioiis  ixTV  not  stalile,  hut  soLin  dccompuso  iiitu  tlii'ir  coiii|)Oijei 
the  presence  of  the  ions  Cr"  and  80^"  can  then  lio  dflrcteci. 

C'hi'ouiic  Hulplifttc  forma  »  rt-gnlfir  alum,  drcrw  n!>tw.  w  ith  |x.i»<*i 
iind  ammoiiiiuii  isiil[iL;iie  ;  this  crystalliseB  En  very  large  ocijthirin 
A  d;irk  purple  colour.  If  a  crystal  of  chrome  idtiui  is  f^iujiL-m lit!  D 
saturated  solution  of  onlinaiy  ahim  and  cry»UiIliHitin[i  ulhiwcit  [oh 
place,  the  durk  «c(!ihedron  ia  ohtatuoU  regulai'ly  wndos-wl  in  a  colourl 
one.  Such  rc'j^ilarly  zoned  crystals  arci  also  a  sigii  nf  isiimnrphii 
between  the  auhstances  wbich  eiiri  form  them. 

Chronic  u-)iim  in  generally  prepitred  Iry  the  reduction  of  jxjtjwoii 
bichromate  {vide,  i-nfra) ;  it  is  used  in  dyeing  and  for  many  ntl 
purposes.  With  aiiimivl  glue  the  chromic  hydroxide,  which  is  sjifiti 
hydrolyti Willy,  formfl  a  eompoiind  which  ie  insoluble  in  liol  watt 
it  has  u.  "  tanning"  action  on  Lhe  glue.  Use  ia  frequently  maiit 
this  property. 

600.  Sulphur  Compotrnda  of  chromium  cannot  Ih-  prciwrwl 
thip  Avct  way.  ISulphiiioUctl  hydrngc-n  is  "nnthout  action,  nn  cimniil 
salla,  And  with  ammoiuinii  sulphide  r-hroiuhtm  hjdwj'idr  is  pn^ipiUB 
while  sulphurfitttid  hydi'ogen  escape.'!.  Thai  ia  to  say,  the  hyilrohfl 
of  chromiuni  milphidc  is  ho  couRidcratilc  that  the  onipnutid  cum 
exist,  hut  decomposer  into  ihu  enhalanctis  which  are  fomnid  fnffli 
hy  the  action  of  wattr, 

At  a  ii'd-huat  iinliydroue  rhrvmhtiii  tuilj-hiilf  ia  foi'med  froiB  I 
elements  iii  the  inrra  uf  nietiil-grcy,  very  stable  crvetals. 

601.  Oliromic  Acids. — "When  any  chromium  eompomul  ie  haJ 
■with  strong  haaes  or  tln^ir  cjirlmnatue,  lliey  aWnrli  oxygen  from  1 
air  and  form  salts  nf  the  divalent  anion  L'fO^".  Tlie  simiUrilf 
tbia   formula  to   tbat   of    aulphaiiion   ia    ntit   iml)'   an    vxtcraal  ol 

'the  two  anious  aw  isomorphoiia.  i.r.  their  salts  with  llie  sanir  ol 
have  the  ttanio  forni  and  crystnllisA  with  one  uufthur  in  fVtf 
proportions. 

Chromanion,  CrO/',  is  of  a  pure  and  etrongly  yellow  colour,  I 
all  the  solutions  of  the  ehronmtes,  therefore,  exhihit  this  CLiloiir.  1 
Bolubility  relations  of  the  chromates  agree  clnsi-ly  wilh  lh<i«"f' 
Biilphates.  Thiui.  the  alkali  metals  form  8olui)lu  .s«ilts;  of  tbr  .dk»l 
earth  metals,  l«iriuiii  forms  an  uxtrfiniftly  diHicuUiy  soluble  saly 
the  others  form  increaBuigly  more  soluble  aalts.     Of  the  chr 
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^^HH*  metals,  tliiit  of  lead  must  W  called  difGciiltly  soluble  ;  tliia 
Pi^^e»  wiili  wliat  we  have  in  the  case  of  lend  sulpliate. 

I  60!!-  Fotaasinm  Otu-omate,  KXrO,.  is  ,i  salt  wlikh  crysutlliees 

kobviLruits  rhombic  crystals.  It  is  prejnreci  cuiimiectially  by  fiiBing 
ItMtiimlly  oteurring  chroini*  irriiiBtone  with  potAsh^cs  M-irh  access  of 
L  From  the  atjiiuoiis  anlution  it  is  usual  U)  first,  prejwre  the  tirtter 
■LaJUsitig  poUi^Mim  rlit-hroiiiiite  {ri'U  inj'rti) ;  from  this  th(3  nonnal 
pnnate  can  l>t;  obULiiJi-d  l>y  ;iildiirg  the  requisite  qiiAiitity  of  potJissiiun 
iroxide  or  [)ot;«ssiiim  (,;irbijiiti.tL'. 

I  Foiasaium  chromute  is,  M  the  oi-dinary  temperatures,  ji  sulphur- 
|k>w  salt ;  on  licing  hoated  it  bocomes  of  a  hright  red  coloiu'.  but  on 
|liii^  ngain  naMiiues  it«  vliIIow  tolotir.  We  are  here  dealirg  with 
k  shifting  of  tbe  n-jjimi  in  which  the  a«lt  aijsorba  iho  rJiya  "f  white 
pt  with  thv  Ctniperature, — the  region  of  the  tibsorption  shifting,  mth 
p  of  tvtiipfRiliue,  from  the  violet  (which  gives  the  eonipb;mt'ritttry 
jpur  yeUuw,  cf.  p.  1 2)  tuwardfi  the  groeii— that  in,  towards  the  region 
longer  wave-lunglha. 

[  Tlio  squeniia  solution  of  pdlassiuni  chroTiiat«  exhibits  an  alkaliiio 

cdoii.     This  is  not  (In e  to  iho  ehroniic  auiil   being  a  weak  acid  in 

:  tnie  »i!iiau,  but  la  duo  to  the  ^rrnt  tendency  of  the  cjbrumatcs  to 

^to  salts  of  the  'jinidetised  diehramic  acid,  uher^by  a  protesa 

■  to  tiydrolysis  is  effected,      For  if  any  Jitid,  even  a  weak  one,  ie 

)L.tba  &iluti(ni  <>i  poUGsiuni  ehrtimatij,  a  cliange  of  ntkmr  from 

iige  LKJciira,  imd  from  the  solution  another  (Mttasaiinm  salt 

tliw  t'ijirii|»oi;iti(tn  of  wluch  is  represenwd  liy  ibc  formula 

l^r^Oj.      It   is  therefore  the  potaaaium  salt  of   the  oin'I'-Tuird  union, 

to,",   I.',  an  anion   formed  from  ehromanioii  by   thu  taking  up  of 

P'Riiiini   irioxidc.      We   h<»ve  already  met  with  such  cnmpouuils  in 

kisiaeof  Kulphui'uus  and  sulphuric  acids,  wliich  were  distinguished 

I  "  pjTti-iicids ''  from  the  norm  til  fines.      The  corresponding  >;]lromic 

id.  howiever,  h  not  ealled  pyrochromic  aciiii  but  iHchrmiiic  nfld. 

Tb«  tranefonnation  of  chr&matiion  into  diehroiuamon  takee  place 
Sjniing  to  the  cquHlion  SCrO,"  +  2H' =  Cr/J/' +  H^O.  For  it, 
ITwfore.  lydtitm  is  iitocsaaiy,  and  the  ri.'fittior!  accordingly  occurs  on 
liifying  the  chromales,  which  contain  the  ion  CrO,".  In  the 
btions  of  the  normal  chromates  the  hydriou  of  the  water  is  used 
r  tbis  purpose ;  for  this  reason  hydroxidion  remains  over  and  the 
lotion  reacts  alkaline.  The  hydrolysis  whioh  occurs  hero  diffei-s 
Bu  ordinary  hydrolysis  (p.  230)  iti  the  fact  that  in  this  case  a  con- 
H&ivl  ion  in  formed  and  not  a  neutral  compound. 
For  this  reasfjii,  also,  a  solution  of  chromic  tit^id,  IL^CrO^,  cannot 
p-siru'-,  indeed,  the  hydrion  necessary  for  l.he  Lransfonnalion  is 
When  a  concentrated  solution  of  pobaussium  tlichromatc  is 
with  excess  of  snlphnrie  acid,  fhronniim  friimdn,  CrO^,  the 
hvdride  of  ehjumic  ami  diclnomic  acid,  sejwnit&H  out  in  long, 
nasdie-ahaped  cryatJiU,  which  are  readily  salable  in  water  aiid 
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exhibit  jtnwerfiii]  oxidiaiiig  actions.     The  aqiwmis  solulfnii  of  ritmn 
U'ioxide  does  tiut  hiive  ihs  bright  yclluw  colour  of   chmriiiiii 
the  omnge  colour  of  dichromanioii,  awd  its  Iwhaviuiu'  alsio  wiib 
to  the   dppression  of   the   freLiaing  p:iint  and  eltiftricJil  cnniliicti 
tiUows  i.'iily  rjf  the  vi'uh-  that  it.  fontaina  the  inns  CijO."  and 
If   |>ot»ssiuni   dicIinJiHute    ie    iiii.VL'-d    with    |K>lJi8sinm    hydrxixide 
soiiitiois    liflcoiin's    bright  yellow   and    <:oiiitaiiis    poUisaium  chro; 
The  foKowing  roaetioii  occurs  r  Cr^O^"  +  20H'  =  aCi'O,"  ^  H,U. 
15  the  reverse  of  the  reactiun  jnat  ^ivcji,  and  oc«;iit«  iiiutei-  the  hill 
of  hydros idi nil.      DiohroisatLiciit,  therefore,  caimot  ejdst  in  mfos' 
quantify  in  jireacnte  of  hydroxidion,  any  more   thau  chromaniui 
ill  presence  of  hych-ion. 

At  the  preeert  day  chromiiim  trioKide  is  pluccd   at  a  cheuji ; 
nn  tht!  niiLrket,  finep  it  is  grwttlj'  used   for  galvfinic  cells  iind  iw  u 
oxiditiing  agent  in  the  chemictU  industry,  and  ajitcc  its  rouly  solubiiilf 

ailowa  nf  more  concentraterl   salittions  of   it  being  jir«|mr(!d  ■\ ■^ 

jKtIrtasium  dichroraate,  which  was  formerly  etDployod,  Kvuti  ■ 
healed  it  loses  a  pait  nf  its  oxygen  und  pisses  into  chromium  miiJi-, 
The  thange  trtkes  place  more  easily  in.  preaente  tif  acide,  ei^jci-i/illj 
suljibnric  iicid,  which  form  a  correuponding  (.'hroniic  salt.  This  huUl 
gudl  also  fur  the  ikpplicalioii  of  chromium  triox)dc  ii»  tut  uxiihung 
Hgtfiit.  Hydrochloric  acid  Qvolvee  not  oxygen  but  ehlorine,  bfinj' 
it»olf  oxidised. 

t)03.  Potassium  Dicbromate  h  a  red-culuurtid  salt  whiuh  retiii 
uliiiost  neutral ;  in  ita  solution,  ihelefore,  the  present-e  of  nn  «(iJ 
chrtimttCe  is  not  to  lie  assumed.  It  readily  fnsee  to  a  dark  liciui'l 
which  on  cooliTig  undt^rgufiB  crystal  h'sation  and  falls  tu  a  [wwder.  Il 
is  nKMlerately  isolulile  in  water  (1  :10,  at  raoni  leiu[wntluro) :  i> . 
crystjdlisea  anhydrous?,  I 

When    potassinm    diclironinte    and    sulphuric   acid    arc   used  k ' 
oxidiUif-n    puiTJOaes,    chiorae   »dmii    is   formedl ;    K^Ci-,0- -^  4lb'^l|  = 
2KCr(SO,)„+4H2O  +  ;S0, 

The  oorrospoiiding  aodiutn  «ilt9,  swlium  rhriminif  and  m^i^ 
ilithitiiatr,  replace  the  potassium  sidts  at  the  pi-cwnt  time  in  iWt 
applioationfl,  sinci,'  they  can  he  niumifae lured  more  rhenply  tlinn  tli* 
latter,  by  the  fusion  of  chrome  iroiiBtonR  wHth  soda  (and  lime.  W 
facilnate  tht-  riKiction).  The  nurmall  chroni.'Ltecrvs>tallisi*s  with  |i*ll,U 
ill  (hp  forms  and  posaessitig  the  g(.')mral  siilnbility  relations  of  (HatihrM 
«dt  (p.  490);  the  dicliromale  eryi<ljiilli.ses  witli  ^H^O. 

Of  the  other  chroniaten,  Iniiinv^  'kniiKnl''  may  be-  mcmiims"' 
Thtis  i«  obtaioed  as  u  bright  yellow  preeipitak'  when  the  iuns  Bji"  M 
CrO,"  come  together  in  snlution.  Thi;  salt  is  vltj-  stable,  withs 
a  rcd-hfiat  without  decomposition,  nml  is  therefore  use*!  as  n  yp! 
pi(Cment  for  painting  iKii-celaiii. 

Barium  kickmmaU  is  not  known  in  the  pure  form,  but  its 
v^fWV  in  solution  can  be  gathered  from  the   known  facts,     if  the 


r,0;'  nrp  brrtiight  tn^feiher  in  aoliition,   UiiHiim  eliiimiate 
iiot  the  c<irTes|j(5inliii^'  salt  is  fdnned,  and  th-e  srihiiioii   hpL-nmea 

TLc  i>recijiitatiftn  is  not  complete,  sirioe,  fiir  (.example,  if  er|iiiv/ilei(t 
llties  of  iKiriuiu  chloride  and  puliin^siuDi  dickrnmjitc  ure  lued,  ubuiiL 
nl  lA  tile  Itariiiin  rL^innins  in  sohitiion,  nnd  the  l;it.tei-  hits  tbo 
B  colour  uf  dichroiuiiiiioti.  The  cauae  of  this  is  that  in  the 
OD  of  iliehromate,  chromanioii  is  also  [jpes^iit,  bjjing  f«irmod  in 
imitll  luijcmnt  ity  the  trjinsfiimiiibioii  uf  dt^hrttmuiiiun  into 
uiion  ilii-<.ii]gL  the  iiiterat^tion  with  n-ater :  Cr^Oj"  +  HaO  = 
'  +  2H'.  This  reaction  is  ihe  reversal  of  that  givnn  on  p.  615  ; 
tis  n.  a^^e  of  chemicul  eqiiilihniini.  none  of  the;  possible  reactions 
I  eomplcl«t  but  at  the  i;nd  idl  the  siihsUuicus  cinicemcrl  in  tkc 
iriitm  must  be  present.  Fiy  pici'ipitation  us  luirium  chnmiate 
roiUKniiiiL  it  remtiTcd  fur  tlie  aLiiiitiun,  a  freah  nmtiinit  is  fonucd 
is  also  precipitnted,  and  wo  on.  That  nil  the  diclininiMnioii  doe* 
K5  tiif)  chroma iii<)[k  is  due  to  the  fnct  that  hjdrinii  i^  produced 
sanie  lime,  as  the  above  equation  shows.  The  amount  of  this 
t«a  OS  the  rcanrdoii  proceeds,  the  stiibilitv  of  tht^  chromaTiifin  is 
J-  rliininishe<i,  thiit  of  the  dichromaninn  is  in[;rcased,  ami  timailj' 
iriutu  muab  lie  established.      In  the  soliHiimi  dichronmnion  and 

aniat  side  Uy  siile  iiithnnt  iH-int*  prt'<'if)it:iteil,  whifh  proves 
fl^Stadichromtkte  is  a  rni'lily  soluble  cunipouiui.  The  cause  <>f 
^nnEon  of  dichromaninn  into  chrnmanirtn  ts,  therefore,  ifi  the 
I  ciuc,  the  dillicidt  »olubilily  uf  luirinm  chninifite,  Since  the.sc 
enilJunH  L-virlenlty  hold  yond  luiiversiilly,  cverv  eation  that  f'tnns 
cultly  sfJuhJe  chi-omflte  will  precipitate  this  from  solutions  fif 
;faromutL>a.  ThJH  is,  (is  i\  nmlter  of  fjtct,  the  case,  r.<?.  lead. 
10  oxidising  action  uf  chromic  acid  can  Iw  made  use  of  for  ita 
t«tiv(!  del er initiation  hy  employing  it  to  liberate  iodine  from 
^n  iodide,  or,  in  other  woi^ls,  to  convert  io<lidiijii  into  ioitine. 
action  ia 
■         Cr,0/'  +  I  \K  +  Sr  =  2C'r""'  t  7H„0  -  3l.^ 

ch  &  fiquivnlents  uf  some  anion  must  be  added  tu  Ifoth  side:;  in 
U)  Timke  the  equation  complete.  From  this  it  can  be  seen  thnt 
)  ARloKnt  of  hydrioti  is  used  up  in  this  reaction,  vrhich  ia  possible, 
jre.  ciily  in  preaenep  of  much  acid.  For  one  combining  woighl 
nniiiin  three  eotahininp;  weights  of  iixline  are  set  frn^ ;  by  means 
osulphaW'  (p  496)  the  amount  of  the  latter  ciin  easily  be 
lely  det-iitniiied. 

4.  Sensitive  Chromate  Mixtures.— Ali hough  the  chromates 
ftpe-  not  to  .iny  gri^'d  oxtoiit  seuiutive  to  light,  th*y  become 
B  »ery  high  degree  when  they  are  in  contact  with  reducing 
nees,  f.y.  organic  matter  like  paper,  indianibber,  glue,  etc.  And 
ensiliveiiess  is,  strange  to  my,  griyitcr  in  the  case  of  the  dry 
rea  thnn  when  these  ai-e  moist.     On  this  property  a  large  number 
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<d  pbotogni^uc  mad  pliato-medMirical  owtfaods  «Iepend,  wnoe  of  < 
wijr  Im  mentHMMd  hms. 

A  Diixtare  of  g]ae  aad  a  solahle  chrmaate  t^ti   expo»tin'  v- 
Mqtdm  the  jwoyeny  tlat  the  ghie  becoineft  inmitUiU.      Thh  i-  < 
tlu  fact  Uut  the  chnmiic  ndil  U  n.-diicMl  to  chroniiom  oxiili.  "t-^l 
fomu  an  inatdahle  oompoood  witb  tbv  glue  (p.  61'i).       If  sump  < 
iiig  nutter  b  added  to  the  above  mixture,  und  pnper  is  oijatal  i 
thm  and  eipoaed  to  light  iuii<I«r  a   mriutpareiit   pk-mre,   Uw 
becOBlw  inAolu^k  *l  tbo^  part»  on  v^hicb  the  lij^bt  lias  Uxat 
act,  while  it  remains  solahle  5t  the  pnrU  where  the  opaufuff 
tile  picWr*  were.     If  the  prepared  iM]K;r  is  treated,  altvr  llH! 
with  WATDi  witter,  the  cmting  is  (lli^^lvcd  at  tbose  part«  wliptr  itl 
prriteeted  from  the  action  of  h^ht,  uhil«   the  colour  remaiaa  UJ 
(>x|Meed  pATts.     In  tnrler  to  obtain  a  picture,  therefore,  in  tto 
roJati'itiii,  a  "negative"  must   tie   used,  i>.  n    trftitapa rviit  picW 
whii'h   the  dark  pnrt»  are  tntiisparent  itnJ    iltv  bright   p^rls 
Such  pirliires  »rp  obtained  by  the  ordinary  (ilioto^raphic   metlioiii 
silver  *ilt6  (Chrtp.  XXXV.y. 

Another  method  d?pe<nds  on  the  fact  th^it  a  mivture  of  ^nnl 
L-hroiiial«i  Aci(iiJres  at  the   exposed    ptrte   tlie    property   of   takingj 
the  init/  prinltng  advtir,  while  the  noii-exposwi  portions  (a.ft*r  rhu  : 
niftiit  with  wjiter)  are  not  eulmired  by  ibis.     If,  tht^refore,  tbc  pr 
colour  is  lullerl  over  such  a  picture  and  a  white  paper  pLiced  oni 
print  is  obtained  in  which  the  expo^d  parU  are  again   dark  ADdj 
iinexpoacd  bright. 

If  ft  metal  plate*  ii  coated  wjtli  th«  chroifiiite-glue  mixture,  amll 
pnrL  ramiiiniiig  soluble  tifter  exposure  removed  with  warm  wal«r,l 
ex)>osed  iii«t»l  can  l»e  deeply  etch^  by  pouring  acid  un  iL  Inl 
war  bltjckff  for  printing  are  olilnineil. 

Tlii?!^*  example*  do  Tiot  eshan.st  the  whole  o(  the^  possibilities,] 
wc  KiusI  refniiii  fruni  fiirtlu'i'  dftjili*. 

t}0:>.  Ohromyl   Chloride   and   Chlorochromic    Add.— 1 

similnrily  of  chromic  acid  to  sulphiirii-  iK'id  is  furiher  exhihitwi 
the  fiiet  that  it  can  furni  the  two  ehluridea  which  ean  be  Jfl 
from  the  atid  by  thi-  replacement  of  hvdmsyl  by  chlorine, 

Hv'distilliTig.n  mixture  of  puta^siiim  dichromnto  ntid  MjUiumd 
willi  sulphuric  acid,  chrariiitl  ckhmdr;  VrOJ.'l.,,  is  fm-me*)  iis  u  rwl  !ii 
simihir  to  bromine,  which  hiriils  al  11^,  and  has.  an  appreciable  "p 
proBsiire  even  Jit  thti  iinbnary  tcmpertiture.     As  the  suliataiicR  isiUll 
sensitive  to  water,  the  water  foinied  in  the  reaction  mitst  be  boui"" 
using  iicid  containing  anhydvide,  or  fuming  acid. 

Chromyl  chloride  decomposes,  iifler  the  manner  of  the  acid  chlo" 
into  ehromic  aoid  and  hydrogen  chloride  : 

frO.Cl.  +  mp  -  HgCiO.  +  2HC1, 


The    proi;esa   i*,   however,   half  reversible,    since,    in    corn^cnir*!^! 
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tfon,  fhromic  ucM  and  hyilnithlnric  iicid  iindLTgn  piutial  cnmhina- 

ilh  formiitimi  of  the  corrBapoinUiig  first  fhlnridc  nf  cliromic  acid. 

is  iiol  kuQwn  in  th^  free  stati;,  but  siilts  of  clilorocbromAaiuii  Are 

DM     The  stat'O  of  affairs  is  therefore  exactly  the  reverse  of  thut 

aiaitig  in  the  wise  of  sulphunc  acid,  *bcre  the  free  jwid  is  known 

ul  riflt  the  &fLlu.      Potassiiiiii  chlorothramate,  KCrOjCl,  is  obtained 

an  omiigo.  arihy'lrO'U9  *>lt  by  crystfil Using  {>ota3siiim  dichromate 

II   strung    solution    of    Iiydioihloric    Hcid :     KjlV^O.  i-  2RC1  = 

lKCrO,Cl  +  H^O-     Ob  i-flttystiiHisi ng  fnnu  pure  water,   it  agniti  tie- 

ii|>o»Ks  into  hydrochloric  ucid  anil  potasi^iiitri  di>chrc>mute.     On  being 

it  evilvfa  cbloi'iiie. 

Thf  formiitiHin  of  clirwmyl  chloride  h  used  for  the  detection  of 
ridion  ill  preseiiw  of  liromidiLnii  mid  jmlidion.  On  diHlilling  ihe 
ilt«  ID  qiifistion  with  pijUis.*imn  dicliromatc  and  fnming  sulphuric 
Kii.  vliloriiie  piisses  over  as  chromyl  chloride.  ■whiU>  hrnmim'  and 
IdiiIluc  distil  ovtT  in  the  free  Htate.  Tht;  distillate  i.s  treatiiJ  witli 
wmionisi,  wht'toby  chromyl  chloride  yields  a  yellow  solution  of 
■mnmniiini  chi-oniiite,  while  hmmine  and  iodine  disaolvu  to  a  colourlesB 
•olution. 

I  A  rUrumyl  jfwirulf,  t.'i'0,F.,,  a  red,  vt-iy  vohitile  liqdid,  is  also 
'imiwn ;  Htndlarly  li>  l!ie  ddoride,  it  is  olitjiiniwl  liy  the  ilistillatioii  of 
9  chruntate  with  tSiiorapar  ntid  fnming  Bulphitric  ucid.  It  \»  very 
JipidU'  dj'ciiiriji'tsefll  Uy  wm,Ii>i'. 

I  60(1.  PerChromiC  Acid. — By  this  name  a  higher  stage  of  osida- 
lion  i)f  cliiiJiniuni  is  des;igrijit*!d,  which  is  fomiud  by  the  action  of 
^jrfriyoi  prroxulc  uii  uu  aciil  sciintiun  of  dichromic  acid.  Tho  ao-lntioii 
■  W  once  Ijoconies  Idiif  ,-  the  L'oloration,  however,  is  not  stJibli^.  for  in  a 
■■bifit  tim«  i-xygeu  ia  evolvwl  and  a  chiomic  sidt  i»  luft  in  the  solution. 
.The  phuiiuuieiiun  can  b*  mjtde  to  hist  longer  hy  ahakiny  out  tho  Idue 
li<|iiiil  with  cthvr  ;  the  blue  :iuhstanc(i  then  piksaeg  into  tht;  ether,  in 
'bicb  ii  kt^eps  much  lonf-er. 

The  Coiu|>ositioEi  of  lliis  blm;  ci>nipuiind  has,  it  ts  true,  iieen 
'Wleriiiined.  but  the  rttiitiuns  «hi<'li  an-  niPt  with  in  this  reaction 
MVe  not  been  sufficiently  fxphduwl  in  wder  to  he  treuted  here. 
.btace  thf  blue  coloration  liecmwea  *i8ilile  with  even  very  small 
ticiw  of  hydrtigeii  |>oroxide,  ati  aciditied  solution  of  a  i;hroiu(ite 
I  iiflod  a»  a  reagent  fur  hytlrogen  peroxide. 


607.   Cobalt  and  Dickel  »rc  tivo  tnetala  allioii  to  iron,  a.nd 

iL  as  fiir  jia  the  ■coinpfmnds  of  the-  feiTOita  series  are  concorried.  Ifiil  tli( 

corapcuiids  corresponding  lo  the  ferriL'  series  are  unstablp  or  uiikiinmi. 
Thpse  mfltnls,  filithcr,  shaie  with  iron  the  property  of  being  ntarkixUf 
nmgn<-ik,  and  tho_Y  mIso  ^tcconipany  iron  in  meteorites.  Their  ocnir. 
renco  ill  iiatupft  ia  not  exfti;tly  rare,  Init  th«y  d-re  inn<:5i  toOix-  s|KiriiiG 
distriliuLeil  tliHii  iron.  Thcj'  oicur  chiefly  «.*  cnnstitiiBnts  of  ■.'uiiijj 
sulpUur  and  acaeiiic  compounds,  and  from  theso  they  are  oibtaineij 
GrBt  of  all  being  freed  from  the  aijphiu'  and  arsenic  by  rnaaiing, 
expos^iirc  to  the  oxidising  itetion  of  the  air  At  a  bigli  t^mix'mt 
whereby  Lhey  [laaa  into  the  respective  oxides.  These  uxJ^w 
sepHi-atL-d  from  one  another  in  the  wet  way  by  the  fraction»l 
cipitution  of  the  salts  prepared  from  them. 

Thi!  two  Qlements  jLre  grey  or  ycHowish-wliiti!  nietuls,  thi  ni"il'ii|! 
point  nf  which  is  very  high,  although  lowiir  tluiri  ihfit  uf  pure  iion 
They  are  hurt!  anti  tenacious  metals,  which  Uiko  on  a  vjiry  fin*  [lulwh. 
they  remiiin  sliaost  iiiicbanged  Jn  the  nir.  find  liJivi-  a  fairly  coiisiilnr- 
ahle  teehiLical  vahia 

Thn  two  elumeiits  form   divalent,  elunientary  iiwis :  further,  'i 
have  a  ^re^it  tendency  to  form  i-'uniplPX"  ions  of  all  kinds.      In  ihe  < 
of  coli.ilt,  more  espemlly.  ivn   e.iilr.i.ordiriitry  wi'idth  t>f  diJli^r^nt  »'u 
pounds  (sviatu,  these  being  ehietly  cnni pounds  with  nitr'ogon  in  ile  \i 
forms  of  combination,  cyanogen,  tunmuin'a,  imd  the  oxygen  L'onijMun 

The  eomljining  woigbiK  of  th^se  eletiieiitM  Ujli-i'  been  rlcttTniintHl 
the  analysis  of  thcfr  bidoyeu  compounds,  and   liave  \iven  found  In! 
Co  =  59-0,  Ni  =  ;jS-7. 

60S,  Metallic  Cobalt  cm   be  vA&Wy  obtained  iis  i\  piiwdcr 
heating  the  ox-ido  in  a  i;iin'oiit  of  hydrogen,      In  fuswi   inaasm  il 
moBl  ejisily  obtained   by   I'flduction  with  altiminium,  acconlntg  to 
method  of  Golclschniidt.      It  ia  a  tHiiacinns  inct;>l,  which  can  he  wtwlil^ 
potiRln^d,  und  ivhirli  exhibits  a  high   lustre.      In  the  metallic 
has  16  yet  found  no  application  in  the  arts. 
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In   most  jiciflfi  it   dissoivcR  onlj  very  slowly,  with  «voUuioD  of 
nriirogcQ,  hut  disaohcs  leiiilily   in   iiiLrit  jicid.     Tlic  !'i>]«itions  which 
fonuwl  art-'  4ot(iurt.'<l  red,  iricfippitive  of  the  nature  of  the  aciJ  ;  it 
lo  In"  i-oiiclii'ili'il   fnjm  this  t-hitt   thi-  r«i  colour  is  due  to  foixUtioti. 
w  i-olutltiori.  Co",  rnntaiti(.-il  in  the  salw  is  divalent,  and  in  its  goneml 
rliKviuur  is  fiiiniliir  to  difenioii. 

With  ftEkuti^.  its  salts  yiotd  a  hlLe-violet  precipitate  of  eohnli 
pirvnde^  C<»(C>II)„,  which  ifi  cftTivertnl  into  its  aithyiinMe,  grpen 
■faflokj  aruif,  CoO,  uii  huiitg  hoiiti-d  >t>tit  nS  vmititct  witli  oxygen. 
It  a  reft-hrjit  it  tiikcs  iiy  oxygen  frnui  ti!ni  jiir.  ;iii<l  jiii  ",ri>/e,  t'o.^Oj, 
•orrwtpontiin^  Ui  (iiiigiK'tic  iron  oiv,  is  fonin-il,  wliiiJi  in  agiiiri  <.'«iLverted 
tato  lhi>  icioixixirle  »L  a  wliitti-huit. 

Colult  hydroxiilc  dooa  not  dissnivt'  in  excess  of  nlkalis  (except  in 
\ncoi,  fthen  tht;  soIulioiiA  nre  very  coitccnbriit«d),  biit  rradily  drjes  su 
ill  mUitioit^  of  anini-dniiini  sfdb;.      Tlie  mu'tioii  !«,  in  the  lirsl  inel^uce, 
tiiiiiUr  to  thnt  in  the  case  of  miigin'siimi   hydruJtidi' ;  Imt  if  .1  liirge 
pKi-n^in  i)f  iimnionin  is  added,  the  rue!  tolunr  ihanges  l-o  a  yellou-browni 
"hicli  ili'«"*»  that  II  new,  complex  conipimuti  hiia  Iwcn  fornufd.      If  the 
lii|iu(l  in  dilnti-il  with  much  water,  blue  cobiilt  hydroxiilo  sepamtee  nut 
u  ■  HiKcultnt   j)reci|titati>.     As  in   tlie  cnw  of  miingmK-eth,   the  .iim- 
BnninTAl  soliilioti  aWirlw  oxygen  hnm  the  air,  whori'hy  coraplnx  salts 
•ff  Jonned  wliich  »vil!  1«>  nieiitiont.<d  biter. 

Of  ihL-  gjillfi  ot  colialt,  cobitit  nitnite,  (C'ONO,).,,  is  the  heat  known  ; 
H  i«  i»  ruuiily  soluble  sail  crvstalliaiiif(  with  GH^O,  aiid  is  need  in 
tuI^iaJ  rht'iniBlry, 

609.  Cobalt  Chloride,  CoCl^.ttHiO.  is  nlan  rea.iily  boIuIjIc.  U 
foraii  »  UjgL'  niiiii(»ei  t>f  lower  hydnites,  of  which  the  less  hydnited 
ffiniisare  of  a  bluft  oolour.  The  concentrated  a(|\icoiis  swUilionj^  :iU*t, 
"liiih  iov  red  in  the  cold,  exhibit  n  l»]iic  cnlmir  when  healed,  Tliis 
"ii«  itill  more  i-eiidily  when  the  solnci-ni  contains  «  \at^  ftnicunt 
■1  i.tiliiridion  in  the  fonn  of  aotlium  chloride  or  hydrochlorir  acid. 
'hi'  uuae  of  this  is  thiit  iinddr  these  cii'cuntsUinces  complex  anione  »re 
'  ■mol,  pnilKihly  by  the  lAkin^^  up  of  chloridioii  by  cobuli  chloride, 
tiii'fc  an?  bhie  ir(  colour. 

■  This  phenomenon  was  formerly  regarded  as  a  great  curiosity, 
'ii't  mlmlt  chloride  was  used  as  a.  " aympalhetie  ink."  For,  on 
'ti'ing  on  pajier  with  a  Bi>lutiori  of  this  Kilt,  the  pide-red  tracings  iire 
'jrwly  recognisable  in  the  onlinary  state.  On  h(<alin^  the  piper, 
'"'*i:^er,  4jid  thereby  ctjnvertin^  the  salt  into  the  Itjss  hydrnted  form, 
')"'  'iltiie  colour  appears  very  distinctly. 

'  Textile  mabenitl  moiat-encd  mth  a  cfmcentmted  aoliitioii  of  [ho  aalt, 

'"'iniiB  vnnoiis  colouis  when  espnscd  to  the  air,  according  to  the  ;tnioiint 

Mie  in  the  latTui.      In  dry  air  it  in  blue  ;  in  ni^ic^t,  |ialc  rfil  ,  in 

I  'luiwliato  slatL'*,  violet  culonrs  appear.     Sui'h  matenul  is  iwod 

""n;iii^h  hygroscopi",  because,  from  its  cnhiiir,  an  ideii  riui  be  obUiined 

'"  I"  'hi'  amitunr  of  nmieture  irf  the  air  and  the  p'roliabilily  uf  rain. 
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en  here,  espenally  aa  iiiiiHy  prablema  raganling  their  nature  still 
nain  iineolved.  We  &hall  ni-ii'dy  state  generally  that  tho  complex 
ions  of  these  salts  are  almost  all  mo-ro  or  less  brighlly  colcini'ed  : 
!  i.ild  deaignation  of  tlKiac  salts,  indeed,  is  dorived  from  their 
ilmsiiotis.  The  ""(u/cwcfoi/fit "  salts  are  the  compounds  of  the  first 
'pc  the  jmrimty(f-Sti\l&  belong  to  the  eecorid,  the  jimxo-,  Jtmro-  and 
Kw-sall*  tij  the  thinl  type.  The  fompiex  cuitions  mostly  form  strong 
witli  hydroxy],  whitli  an;  soluliic  in  wfitur  and  cxJiilnt  the  re- 
aioHi  of  hjdroxidiuii  in  a  most  ]iro]ioinieeil  manner.  Thoir  salts  are 
quently  very  diffitultty  soluble  in  wa.tcr. 

6 1 5.  Nickel— I'niike  cobalt,  which  is  not  employed  in  the 
leUlLic  sbite,  md'tUk  nkkcl  is  ii  mtiberial  wbi-ch  is  gi'&utly  used.  Il 
formerly  used  only  foe  alloys;  thus  (irrnuin  siii.rr  is  an  alloy  of 
ickd  i»"ith  ainc  and  topper  Some  deciides-  ago,  however,  the 
ties  caused  by  the  liigh  temperature  of  fusion  of  nickel  have 
ox'orcomo  (esp*ci£illy  since  it  w.'ia  fouini  that  it  could  be  rendered 
iQiY  ea-sily  fu&ible  by  the  addition  of  metallic  magnesium  or  aluminium), 
111  At  the  present  day  nickel  is  extensively  employed  in  caaca  where 
il  requiroil  to  use  a  tenacious  and  hard  metiO,  and  oiie  which  keeps 
nil  in  the  fur  and  is  ditfit^tiltly  fusibk'.  It  tinds  inci'OJising  Uise,  there- 
to (ur  apparatus  in  the  lalionitory  and  for  household  utensils. 
Further,  targe  quantities  of  nickel  are  dfposited  on  othor  raetala 
ith  tlie  help  of  the  electric  current.  It  coats  these  with  a  resistjuit, 
»1iiK«t  silver-white  layer,  which  keeps  well  tn  roojet  air,  su  that  the 
1udfi-pl/Mlin(i  of  various  objocts  mode  of  iron  and  brass  hue  iHU'ome  an 
•nmsive  industry. 

The  electric;d  de|X)aition  of  a  metal  depends  on  the  fact  that  al 
Uwnthode  of  a  circuit,  the  eationa  pasii  C'rorn  the  state  of  ions  into 
tbe  ciiMjiral  state.  In  the  case  of  nlckclion,  this  paa-'^cs  into  metallic 
nickel,  which  is  ilaposited  ut  ail  iioints  where  the  current  leaves  the 
t^uift.  In  this  proeeaa  varions  ci.rc-umstjincea,  such  aa  sci'englb  of  the 
ciirTBiit,  nature  of  the  solution,  etc.,  have  a  considerable  influence  on 
■ficthcr  the  meUtl  is  tlepoaiteil  in  a  coherent,  lustrous  layer  or  as  an 
iiiculiprejit  (ujwder.  The  practice  of  fhiiro-jilaiinff.  us  this  process  is 
called,  deftcnds  on  the  kiiowludge  ami  aiipliuilion  of  the  conditioue 
wliich  ensure  the  formation  of  a  good  d^epiiait.  This  subject,  which  is 
Vtfy  imporUtnt  in  the  arts,  has  W-kii  only  very  little  investigated 
•cientificjilly,  so  that  no  general  rules  can  tje  given. 

'  In  onler  that  the  nickt'l-platin^  bath,  ivhich  constantly  gives  up 
"w^al  tn  the  olijeet  to  bo  pUtod.  may  nut  beeonio  eshaiisted.  the  annde 
unuuic  ni  luebdlic  nickel.  By  'his  nieiin,'^  the  anion  is  not  discharged, 
liil»iii  liie  eontrary,  as  much  neutral  or  metallic  nickel  passes  into  the 
WOK  iiat«  as  is  separated  at  tho  catUoiio,  and  tlie  whole  ])ro«esB  con- 
wh  U  itiutjil  passing  tnlo  i<.ms  at  ihe  an(>de,  and  being  transported  by 
tliacurrvul  to  the  catJKxJe,  where  it  again  pasaea  from  the  innfc  Rtatu 
ftto  ibo  nietailic.      Fa   this  process  the  current  would,  iheuretically, 
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have  practically  no  work  to  pei-forra  ;  as  ii  matter  of   fart,  hoivi'ii' 
larger  or  snmller  ainoimt  ol  work  miist  Ins  jwrformisfi  tiy  tlie  w 
on  Bccounl.  of  the  ilifFerencea  in   iLe   coucetitiatimi  and  oilier  rirrii 
stances,  u  faL-t  whicih  finds  expression  in  tfac  so-ciilled  jMilnrianbim  oil 
bath  or  the  "  i:»ath  potential." 

Nickel  forms  a  divalent  ulementary  ion,  nickeUoii,  Ni",  wiichl 
u  fine  green  colour ;  tliia  coloiii-  is,  present  in  all  sohiliona  flf  nil 
salts  which  contain  this  ion.      Niclicl,  it  is  true^can  also  fomi  n  hi| 
stage  of  oxidatiim,  fjiit  this  is  extremelj  inistjibk".  »iid  doca  not  I* 
»s  a  salt-forming  oxidfl.     Xickol  LVin  form  complex  ione,  but  ihew 
neither  so  varied  nor  so  stiible  as  in  the  case  of  tolj.ilt ;  this  (on 
most  essential  differeneo  between  the  otherwjge  very  similar  elirniel 

Nickel  salts  ar'C  obtained  l>v  the  solution  af  metiilliv  nickel  in 
acid ;  in  th<3  case  of  nickel,  the  deoomposition  of  a+jueoas 
anliitiona  with  ei'olution  iif  hydrogen  takes  place  only  very  feebly  i 
slowly.  If  vfjHH  le/jiii  t»  eniploywl,  ibe  cldnride  is  obtained  ;  byi'ini* 
rating  the  nitmte  with  solphuric  acid,  the  fonnei*  is  couvertctl  into  llv 
sulphate. 

From  the  green  eolntions  of  the  nickel  ^Its,  soluble  buses  ^v«  ( 
pale  gi'een  precipitate  ol  Nikkei  hpiiroxl'le,  Ni(OH)'.,  whicb  Idsee  wawr 
vfhcii  h&iitcd,  and  is  Convert^-d.  into  grey  itid'ti  irxidr,  NiO.  5icW 
hydroxide  is  not  soluble  in  alkalis,  but  disaolvcs  in  ammutiia.  As  die 
lifjuid  thet'cby  bccomca  of  an  aziire  blue  colour,  it  must  I<e  emidaW 
that  a  new  ion  ia  formed.  The  investigation  of  the  Wid  salt*  b* 
shown  that  ivo  arc  possibly  dcalinj;  with  two  different  ions,  "iii-  <J 
which  contains  -tNII^,  the  other  6NH^,  to  one  Ni;  che  ions,  ihcrciurf, 
have  the  foi-mul*  NiiNH;^)^"  and  Ni(NH,),,".     Th«y  are  Imth  lilu''. 

*  Tlie  cumplex  ions  of  nickel  containing  ammonia  differ  (rum  ihn« 
of  cobalt,  rot  only  in  being  derived  from  divAlonl  idckol,  bnt  alw  it 
being  much  les3  stjible.  Whereas  most  of  thy  luobalt-ammouia  I'Hun- 
pounds  c«n  t>e  brought  together  with  baeea,  and  even  in  ftomo  cMt* 
boiled  with  thcni,  ■without  ammonia  being  cSiminiitetl  to  any  apjirw- 
able  extent,  the  saltB  of  the  nickel-ammonia  ions  in  iho  s^ilid  •>'*" 
slowly  lose  their  ammonia  even  in  the  air,  and  rjiiickly  on  hcjiUiii^ 
The  dissociation  pressure  of  those  conipuunds  therefore  in  respoct  (I 
the  amni'jnia  h.aa  an  apprcciabte  value  even  at  the  ordinary  tom|ieraliir» 
whik'  ill  the  case  of  the  eolhidt  compounds  it  i$  jmrneasuntbly  nnnll. 

The  nickel  salts  are  similar  to  those  of  cobalt  and  generally  i**" 
morphoua  with  them.  Of  theBo  salts  some  imporlance  ie  posaossedlf 
iii'!,rl  .•iilphdlf,  which  ia  generally  obl.iincti  in  <|iiadratrc  crystali  witD 
lill^O,  a  form  which  is  sekUim  found  in  iht*  ease  of  the  other  vitrii^'*' 
it  can,  however,  als.o  crystfillifie  in  the  forms  of  magnesium  siilpl*" 
and  ferrous  sulphate.  With  potjissium  and  animoiiiiun  suliibiiif.  ^ 
forms  tlouble  salts  of  the  oft-nicntiorieil  type.  Nickel  sul|ihate 
double  i?alt  with  ammoniiim  sulphate  arc  used  in  large  iiiiantili 
the  preparation  of  bathe  for  nickel-plating. 
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llitii  potitssiiim  <'yaiiide,  the  nickel  s.-Llts  nt  first  deposit  a  green 
ncifiiuiU;  *>i  KJf/r/ou.s  qntitiif';  which  dissolves  in  excess  o!  potassiiim 
»nd  yielJs  a  i/fl/»tr  liqiiiil.  From  this  change  of  colour  it  can 
thai  ii  n««'  ion  ta  pnxiueed;  on  evapni-at]!!^'  the  aohidun  a 
\aw  salt  itf  ihe  composition  K.,Ni(CN)^ .  H,0  crvstalliaea  out.  The 
i-fKtniiiu'n  which  forms  the  Itaais  of  this  salt  does  not  have  an 
US  cotnpoiiitjon  tu  the  complex  iona  of  Iron,  manganese,  and 
'It  for  it  is  only  divalent.  With  regard  to  its  stability,  ubo,  it 
fen  grautly  from  these  compoTiiida.  On  acidifying  the  aoltiticin  one 
»  aot  oht'iin  free  hydrotiickplcyftnic  iu;i<E,  hut  »  grcenisli  prcdpitntu 
nickeloua  cyanide  i&  produced  and  hydrocyanic  acid  eaeapes.  The 
kj,  therefore,  immediately  decomposes  according  to  the  equation 
Xi(CX),  =  Ni(CX),+ 2HC'N.  A  separation  of  eolmlt  and  uickol 
be  hfteeil  on  this  reaction. 

(IS.  Nickel  CaxboDjL — If  carboR  monoxide  is  kept  in  cont&ct 

finely   divided    nii:kel  at  a  tt^mperattire  of  about  30',  the   two 

uiices  combine  to  form  a  colonrlesa  liquid  which  hoJis  at  a»  low  as 

r,  fcod  has  an   unplGOsant  smell  und   poisonous  action.     The  com- 

ItUiou  KDd  vapour  density  are  represented  by  the  formula  Ni(CO),. 

The  liquid  is  not  appreciably  soluble  in  water,  but  It  readily  dia- 
Ice*  in  organic  liquids,  such  as  benzene  and  turpentine.  In  the  air 
oxidiacs  io  snbstnnces  of  complex  tomimaition. 

£,  somewhat  higher  temperature,  nickel  carbonyt  again  decom- 
to  its  constituents  ;  for  Oach  temperature  there  e:cist&  a  relAtion 
tlie   carbon  monoxide  iind  the   vaporous  nickel  earbonyl  at 
kich  ociMilibrium  exists  with  metullic  niclce] :  with  rising  temperature 

Kiilihrium  :»hifu  in  favour  of  the  carbon  monoxide, 
reason  of  this,  nickel  can  be  separated  in  the  pure  state  from 
t  after  it  has  been  reduced  to  spongv'  metal  at  a  low  temperature, 
fcrbon  monoxide  is  pawed  over  it,  and  the  resultitif,'  g^^  niislore  i« 
Mad:  metallic  nickel  is  tliereby  deposited  and  the  liberated  carbon 
IWozide  can  be  il^ed  for  the  couverBion.  of  fresh  qtiantitie?  of  nickel. 
br  technical   purjiosos,   however,   this  process  cannot   be  employed, 

^der  the  al»oTe  conditions,  the  earboji  monoxide  aUo  uuder- 
position   into  caHxiii  hikI  carbon  dioxide,  2C0  -  C  +  00^, 
[■lis  the  cycle  of  processes. 
'  The  rhaiige  of  e(|uilibrincn   >irli  rise  at  temperature  brings  it 
bout  thftt  metallic  nickel  can  Iw  di-Lilied  from  a   lower  lo  a  higher 
Ha)icnttui-e.     Carbon  molioxMi*  in  rnelusod  in  a  gla«s  tube,  at-oite  end 
t  vhich  there  19  nick<.'l  «)"^';}'^,  "ni\  the  end  at  which  the  nickel  ie  not 
is  heatcJ  to  lOU    or  ■icmnvtuit  over  this.     Aftci'  a  short  time 
end  becomes  envered  with  u  tine  mirror  of  metallic  nickel. 


ami  can  be  huamnvd  and  rolled.     BxTing  moe  nadergooe 
nwat,  tl  renukhw  t«nuu(iu  even  at  tlie  oadJnuT  teaperstw 
lual«d  to  about  300  ,  it  a^ia  becanes  ertreBidj-  bn'txle,  ■ 
wnpcnttin  can  Im  gnund  to  a  powder;  on  bein^  cookd,  it : 
amoewhat  hriule  chancUH*. 

Zinc  in  eni[iloy«d  not  only  in  tfae  pon  state,  bot  4Im»  IO  a 
extent  in  fiVm/^.  lu  tnmt  important  aJloj  is  tbat  witb  copprr;! 
calleiJ  /tou,  and  vill  be  trefit^  under  mpper,  Witli  coppiTI 
nickei)  it  forma  Grrnum  idlrrr  fp.  (;2S). 

Zinc  is  also  mcd  for  coating  iron  in  order  to  protect  it  fw 
thii  is  then  known  bk  "galvajiieed"  iron,     iron  objects  wkick 
OTinstantlj  cxpuaed  to  tbe  air,  auch  as  railings,  agriculloral  imt 
Btc.,  uro  in  Lhia  way  rendered  durabtc.      It  is  true  that  zinc  in 
with  iron  uxidiBM  more  quickly  iban  when  alone,  bni  tbo  oxidalioi 
limited  to  tho  Hurface. 

At  4S0^  zinc  f"         ^nd  tluB  temperature  is  low  enough  to  aQo'' 
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meU'i]  being  largely  iiaed  for  caetingB.  At  950"  zinc  is  converted 
loa  vapour,  which  Inirna  in  thenir  with  abrilliiint  blue  flame,  forming 
Bcoiide.  The  density  of  this  vapour  yields  the  moliir  weight  fiS'J  : 
this  number  also  reprcecnts  the  combining  weight,  ihi*  foimiila  of  zinc 
lbs  vapvmua  state  is  Zn.  It  contains,  therefore,  only  one  combining 
tight,  whereas  most  of  tlie  elements  in  tiie  ganieous  yr  vivporous  forai 
i»e  the  double  formula.  Tie  olh«r  metals,  liowtiverj  ho  far  as  they 
X  Iraotrn  in  the  vttporoiis  stntc,  exhibit  the  same  pecuhurity  as  zinc. 

It  is  on  the  volatility  of  zinc  that  its  maaiifacture  depends.  The 
I3'jfcn  ores  lire  heated  directly  with  charcoal ;  tho  aulphide,  after 
iiij!corivi'rt€d  into  zinc  oxide  by  roasting  in  the  air.  The  metal  formed 
'  ihi;  reduction  of  tho  oxide  Vyith  charcoal  volatiliaca  and  is  collected 
suitable  receivera  with  exclusion  of  air,  while  the  impuritlea  remaLti 
lliind  in  th«  retort. 

In  this  process  a  portion  of  the  motal  ia  obtained  in  &  form  in 
bi«)i  it  is  often  used  in  the  ialwratory,  viz.  as  ;:inc  du4.  So  long  &s 
e  temperature  of  the  receiver  remiiins  hcltiir  the  me  I  tiny- pair  t  of 
^^^be  m^tal  is  deposited  in  the  form  of  a  fine  gr^y  powder.  (Th& 
^Hons  are  exactly  the  aumc  as  in  the  formation  of  flowers  of 
Ifptnir.)  This  powdery  form  of  zinc  is  more  auita'hie  for  many 
emicftl  purposes  th»n  the  fused ;  in  using  it,  however,  it  must  be 
lofiinbered  that  it  generally  contains  a  considerable  amount  of  zinc 
[ide  in  consequence  of  nn  incipient  oxidation. 

fiecently  many  attempt.":  have  been  tnadp  to  obtain  zinc  from  ita 
first  convening  it  into  a  salt  atid  then  deconi posing  this  by 
of  the  electric  current.  The  diHiculty  of  obtaining  a  coherent 
ital  Free  from  oxide  in  this  way  does  not  appear  as  yet  to  have  been 
Fcrcons. 

61^.  Zincion.  —  Metallic  zinc  readily  dissolves  in  lu^ids  with 
rolution  of  hydrogen  (p.  187),  and  is  converted  into  the  L-on-esponding 
IK  nit,  :iiu:it/n,  Zn",  being  formeil  from  the  nictal. 

j^iiicinn  is  divalent,  itnd  reeeniblea  inaguf^Eioji  in  many  respects. 
ike  the  latter  it  is  colonrleas,  and  with  the  diKerent  anions  it  forms 
lb  which  have  aiiailar  ^^oliibiliticB  and  the  same  crystalline  forms  as 
ittniipiesiiim  salts.  Zinciitn  ia  n  poison  for  the  higher  organisms; 
irntkeless,  it  htm  been  found  as  a  constituent  of  some  plants  which 
nwin  soil  containing  zinc. 

The  h«at  of  formation  of  zincion  from  the  metal  ia  147  ij.     Thia 
I  therefore,  also  the  Amount  of  heat  developed  by  the  eolution  of 
in  acids  (p.  204). 

•  Diiriiife'  the  dissolution  some  remarkable  iwculiaritiea  are  observed. 
W  line  appears  as  almost  insoluble  in  dilute  acids.  So  soon,  how- 
*V,  IS  th<TC  is  added  a  small  quantity  of  a  salt  of  copper,  silver,  lead, 
'  wiEB  other  metal,  which  is  eliniiiiaWd  from  its  solutions  by  zinc,  a 
>v*dution  of  hydi-ogen  at  otice  occura,  The  cause  of  this  is  at 
touching  a,  piece  of  zinc  immersed  in  an  acid  with  a  piece 
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of  FiDolher  metjil.  Hydrogen  is  abundantly  e\'olved.  but  nnly  at 
?urfat.^u  of  tliQ  otht^r  met^,  whil«  the  zinc  {inSSes  quietly  into  sntti 
If  different  MietJils  are  used  as  cattuxJes  for  an  eleutrical  cinren 
dilute  acid,  it  is  seen  tliat  for  the  evoluti'^n  of  hydrcf^eii  at  a  siu 
of  zinc  a  muci  higher  poteiitirtl  is  reipiired  ihHn  in  ibe  case  ui 
Other  metal. 

*  The  process  may  ihttrefoie  be  pictured  a*  i(  the  zinc  wilhd 
the  charge  from  the  hydrion,  psasiti^  thereby  into  zircion,  while) 
hydrogen  iisaumes  the  gaseous   forra.     This  passage  into  the 
state  takes  jjIjicc  (for  i-caSCHhj  which  Jiro  not  yet  kttOWiJ^  tnU  whichj 
detected  by  the  pntpiiliid)  with  much  greatur  ditfiiculty  at  »  aurfa 
zinc  than  at  the  snrfuci!  of  another  metal,  and  for  this  reason  thfti 
composition  is  slight  so  loiiy  as  only  zinc  surfaces  ure  avnJl»blo  foFj 
evolution  of  gas.     If,  huwever,  the  zinc  is  eoniiectttd  by  fl  eondu 
v'iib  aiiobher  metal  at  the  surface  of  which  the  hydrogen  can  he 

Mo        Za 
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readily  evolved,  the  formittion  of  the  zincion  and  the  elimination  olj 
hydrogen  take  place  at  different  points,  an  electric  eurrfiit  paasir 
the  same  time  through  the  mel^iu  and  the  «<rid.  In  Fig.  1  1 7  a  i 
picture  of  these  relations  is  given.  From  thu  zinc,  denoted  liy  Zn,l 
metal  diRSolves  as  ioti ;  the  requisite  aniouiiLs  of  positive  elect 
arc  withdrawn  from  the  hydrion  j)resent  in  the  aolntioii,  thcsi'  rlw 
jwissing  in  the  direction  of  the  arrows  through  the  metallic  ciiridurftT 
to  the  zinc.  The  Bimultaneoiis  production  of  an  ^leclric  currt'iil  is 
therefore,  the  necoseary  condition  for  the  diKsoIution  ul  zinc  and  ll* 
evolution  of  hydrogen  occurring  at  two  different  pointa. 

*  The  above  arritngymetit  affords  .at  the  ajime  time  an  insiglil  iin" 
the  production  of  electric  currents  in  l-he  old  voltaic  cell,  ccitisisting  "' 
itinu,  copper,  and  dilute  acid.  Fuller  information  on  this  point  nnllb' 
given  at  a  later  point  (Chap.  XXXII.). 

619.  Zinc  Hydroxide,  Zti(0H)2,  is  deprjsited  as  a  white,  flncnJfo* 
precipitate  ou  the  addition  of  dideoWed  badQs  to  a  aoUitiijii  cunuio'"! 
zincion.  It  ia  sohible  in  an  excess  both  of  alkali  iind  of  aiiiiiiu"'*- 
although  for  dilferent  reasons  in  the  two  cases.     The  Boluhilit)r 


tui 


ZINX  AND  CADinUM 


631 


depend?  on  its  property  of  splitting  off  bydrion  from  its  hydroxyi, 
lercfore  of  actiii}^  •^s  an  a^id.  Tliese  solutions  contain  <id  alkali 
irtfr,  f.y.  KaZiiOji  and  the  new  ions  ZnO„"  aud  HZnO.,'.  The  reason 
( the  solubility  is  therefore  ttic  same  as  in  the  case  of  alumins  (p.  jllO). 
\t  soliibiiily  of  ziiic  hydroxide  in  ammonia,  however,  depmida  on 
tiler  causes.  W  e  raight  regard  it  a.^  Leing  due  to  an  influence  exerted 
Q  tie  solubility  "by  the  presence  of  ammonion,  BUch  as  occurs  in  the 
Uf  ttt  the  othenvise  very  similar  mngnesia  (p.  S-H).  This  appears, 
o»ever,  to  be  exuluded  from  the  fjict  that  zinc  hydroxide  must  he  r 
nub  weaker  lose,  as  is  evident  from  its  aolubility  in  alkalis  (p.  SGO). 
B  the  contrai-y,  we  have  here  to  itssume  the  formation  of  new 
incanimoiiiuni  ions,  Zn(NH^)„'*,  wheru  «  has  presumably  several 
■I1M&  The  behaviour  of  zinc  hydroxide  is  therefore  comparable 
ith  thai  of  rkickel  hydroxide,  in  which  cjiee  the  formation  of  new 
iKBTa»  remlerud  visible  by  ihe  chiuige  of  wlour. 

*  This  aasLiniptiou  is  giipporl^d  by  the  fact  that  the  zinc  salta, 
apeeially  the  halo^an  compounds,  even  when  dry,  reailily  4:oiubiiie 
Inlh  ammonia  withimt  undergoing  decomposition. 

On  being  heated,  zinc  hydroxide  loses  water,  and  is  converted  into 
rtite  ;J«c  atidf,  ZnO.  The  same  compound  is  obtained  by  hcAting 
Bttallic  rinc  in  the  air ;  in  this  way  it  is  prepared  on  the  large  acalc 
htvse  aa  n  pi^ent  under  the  name  ::iiii'  uhili;. 

Over  white  lead,  which  is  employed  for  similar  purposes,  rinc  white 
Ki  the  ndvantjige  of  being  less  )}<.>isuiious,  and  nf  remaining  white  cvei> 
in  in  atmusphero  conCainiitg  sulphuretted  hydrogen,  whereas  the  former 
becomM  dark  in  colour.  White-lead,  hoWeVCr,  has  a  better  COTering 
power,  since  it  has  a  considerably  hiyht'r  coufficienl  of  refraction  than 
tmc  white,  and  for  this  i-eason  it  is  still  often  preferre<.i. 

The  use  of  eoloiu'less  snlistances,  as  white  paints,  dependis  oti  the 
Iw  tliAt  in  the  small  j^rticleK  of  which  lh&  pwint  consiate  the  light 
DidergDH  repeated  refraction,  and  is  ultimately  totally  reflected.  This 
IflOJ  reflection  eli'ect^  the  "coveriug"  power,  i.t  the  opacity  <*(  the 
^jer.  Of  the  variously  directed  rays  in  an  o|WWiue  body,  the  number 
nCtliMe  which  are  totally  refleetied  is  fdl  the  grtjater.  the  greater  the 
bKlct  of  refraction,  because  the  angle  at  which  tlie  tight  rnys  can  still 
through  decr&aaes  in  the  s.imc  proportion.  Hence  proportionately 
Uiiu  layci-s  suffice  in  order  to  reflect  itll  the  inci(3ent  light. 

Zinc  oxide  is  white  in  the  cold,  but  appears  yellow  when  hot ;  on 
woling  it  again  acijuires  a  white  colour.  This  colour  change  must  not 
k*regirded  as  a  sign  of  the  conversion  of  the  zinc  oxide  into  another, 
iwlape  allotropic,  condition,  for  it  does  not  take  jilace  suddenly,  as  in 
•ach  a  ease  it  would  do,  but  grudiially.  It  is  solely  flue  to  the  fact 
»*l  the  region  in  which  ziue  oxide  ahaorbs  rT»ys  moves,  on  henting, 
tram  the  ultra-violet  |>ortiou  of  the  spectrum,  in  which  it  \e  situated  at 
™  Ordinary  temperature,  lowurda  the  visible  violet  portion.  This  ie 
•  '(ay  geneiml  phenomenon,  ^iz.  that  the  re^o]i  of  absorption  of  ravB 
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changes  in  the  above  sense  with  tbe  temperature.     Whit*  solw 
lieiome  jeKovv  oii  lieing  heiitwS,  yellow  ones  red  (p.  6 3  5),  and  red  «i 
brown  ;  blue  jiud  ^reeti  siihstances,  on  the  other  hand,  generally  undei 
no  mjirked  change  nf  colour  rtn  heating.     ConV'ersely,  yellow  mid 
Bulwtances  (vrirh  the  excoptidii  of  orgiirii-e  dyes)  become  more  pule, 
even  coloiu'loss,  on  lieing  cuolcd,  say  iu  liquid  air. 

620.  Zinc  Chloride,  ZnCl^,  is  »  white,  readily  soluble  salt,  trtii 
boila  aa  Inw  as  730",  and  cuii  be  easily  obtained  in  the  dry  or  wet 
by  the  action  of  hydroehlorie  acid  on  zinc  or  zinc  oxidu.  On  hi'tJi;E; 
evaporated  to  dryness,  the  a<|ueou3  solution  loses  liydrorldorii:  iiciil. 
The  product  am  he  agidn  freed  from  oxygen  by  distilUaVn  in  a.  4.'UTn-iii 
of  hydrogen  chloride  or  liy  the  electrolysia  of  the  fusetl  salt,  the  spoiigt 
zinc  which  sepamtea  out  acting  as  a  purifying  agent.  Zinc  chloritie 
melts  vary  readily  t«  a  clear,  Btrongly  refracting  liquid. 

Zinc  chloride  is  useda^j  a  preventive  of  the  destruction  of  wood  lij 
micro-organisms  and  iijogi,  «'.(/.  in  the  ciiae  of  railway  elet* pere.  t'mtliei. 
it  is  used  hb  a  Hu.\  for  soft  Bolder.  In  this  case  its  action  is  dtiP  lo  it* 
power  of  dissolving  metallic  oxides  (p.  435). 

A  concentrated  Eoliition  of  zinc  ehloiide  dissolvee  large  quautitio 

OH 
of  zinc  oxide.     From  the  aohition  an  oxychloride.  Zn,.,  ,  cr>'B[aUiB« 

out.     I£  the  solution  ia  very  concentrated,   the  whole  aulidifies  to  i   ' 
hard  mass  of  o.xychloridf.      This  [jheiiomenon   is  niiide  use  of  for  tlie 
prApiiratiOD  of  n  cement,  r  solution  of  zinc  chloride  of  syrupy  consist- 
ency being  rubbed  together  with  zinc  ox:ide  shortly  before  it  is  re'|iiirf<i  * 
for  use. 

On  diluting  the  solution  contfiining  the  oxychloride  with  wxtef 
th&t  suhstsnce  (or,  in  iho  case  of  very  dilute  solutions,  zinc  hydroitiiiel 
is  precipitjited.  Since  iilmnst  all  commercial  zinc  chloride  coatAua 
osyt^blorifle,  i.^-  has  lost  hydrogen  chloride  on  eTa(»ration  to  dryneav 
the  .same  phenomenon  is  there  mat  with,  the  salt  yielding  ii  Hirbiil 
solution,  or,  on  dihition,  dt-poaiting  a  ■vi'hite  pn^d pitiite. 

The  formation  of  n  basic  prei-ipitatw  is  also  promoted  by  the'  hydro- 
lytic  decomposition  of  the  zinc  ehlorido  in  the  solution,      On  accounl 
of  the  feebly  bisic  properties  of  the  hydroxide,  this  decomposition  b 
rather  considerable,  and  manifests  itself  in  the  acid  reaction  oxhibjl 
by  the  aolntioiis  of  all  zinc  aalts. 

621.  Zinc  Sulphate,  or  zinc  vitriol,  ZnSO^,  generally  i-ry^tal 
ivith  711/)  in  the  rhomhie  fonns  of  niagneeiitni  sulphate.      Acco 
to  the  temperature,  however,  it  can  crystalliBe  with  other  amoun 
wat«r,  and  in  other  forms.      It  is  a  colonrlcss  salt,  vcryn'ailily  snlal 
in  water,  find  can  he  ohUiined  by  ihe  action  of  sulphuric  arid  on 
oxide  or  metallic  zine  ;   it  is  employed  in  the  arts  anti  in  guedicinc. 
forms,  with   thni  sulphates  of  pot^issiuni  ii,nd  ammonium,  double 
containing  CH.,0. 

022.  Zinc  Carbonate,  ZnCO^,  occurs  nalnrally  as  caintnme. 
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highly  valued  zJim  ore.     It  crysullisea  in  rhomhohedra,  whirh  ari? 

lorpboiia  with  tboee  of  cak--8[mr.  As  hi  tbe  case  of  magncsi/i,  lt>i.iif 
itmaift,  varying  with  ita  tempoHittire  and  the  dilution,  are  mostly 

lined  Ly  precipitHtiug  ac|ueous  soliilions  of  zinc  luilts  with  allcali 
rhonates.  They  are  convei'ted  into  zinc  oxido  by  igiiiliim.  Pre- 
lilatioin   *rt   carbonat'C,    and    weighing  us   axkie,    me   used    for    the 

Ivtic^l  'ieteiininiilifin  of  ziiif. 

C2:i.  Zinc  SUiCAte  rilao  occurs  nnburrilly  iia  mlkrmts  ruinmine.  It 
llsn  uspd  in  the  manufacture  «f  zinc. 

62  (.  Zinc  Sulphide,  ZhK,  is  ohtalneJ  ik.s  a  while,  hyilmted  pre- 
litate  \>y  (lifi  luiditioii  of  fimnionitim  sidphide  to  7.mc  sidls.  Uf  the 
tier  kiiuwii  heAV^y  metals  zinc  is  the  only  i>iie  which  fnniis  a  wliite 
B  ;  this  serves  as  a  conveniL-nt  chann.-ienstic  in  unalvBis.  Zinc 
!e  is  BoluMe  in  dilute  wula  with  liberation  of  aiilphurettod 
The  reaction  takos  plnw  in  a  manuDr  simOar  to  chat  in 
L:  '....-  jI  iron  siilphirle  (p.  ;>H6),  hut  with  the  difference  that  zinc 
Iphide  is  considei'nbly  Ic.^  sn-luble.  This  is  the  reason  thnt  a  Htnlutl 
lotion  of  zinc  sulphate  or  zinu  chloride  ia  precipitated  by  sl]lphiir(;tte<l 
rdrogen ;  not  until  a  pretty  t'onsidnrable  portion  nf  the  salt  has 
td«rgone  double  deeom position  does  the  concentration  of  the  hydrion 
rwJuced  reach  such  s  value  an  to  hinder  further  precipitation.  If  the 
(ticetitmiioti  of  the  hydrion  is  raised  to  this  value  to  Start  with,  by 
K  ailditinn  of  hydrochloric  or  aidphuric  acid,  no  precipitation  is  pro- 
U6d  by  sulphuretted  hydrogen.  For  eqlijlibrium  depends  only  on 
ft  nelatirs  concentrations  existing  in  the  sobttion,  and  not  on  tbe 
lUiuit  of  tbe  solid  sii)<aUinces. 

If,  however,  by  siiit-Lble  means  the  concentration  of  the  hydrion  is 
BplM  low  that  (ho  niAte  of  ei|ui]ilit-ium  is  not  reiichoiJ,  the  zinc  can 
C  ftlmOBt  complt^toly  precipitated  from  acid  solutions.  As  has  been 
MMiotied  several  times,  this  ia  hroiight  about  by  the  addition  of  an 
iditlr.     The  acelanioti  present  then  withdraws  the  bydnon  produced 

nrder   to   form   undiasociated  aeettc   acid,  and  only  h  very  small 
on  of  the  hydrion  escapes  this  combination. 

'   If  in  this  manner  zinc  is  precipitated  from  acetic  acid  solution  in 

nre  of  cobalt  and  niclcel,  while  zinc  sulphide  is  first  depoaiteil, 

black    eohalt   Bulphidu   and   nickel   sulphide  do  not   tnake   their 

mrire  till  later.      In  this  way  the   presence  of  ziuc  along  with 

other  metAis  win  be  dotwitcd  in  analysts. 

in  nature,  zinc  sulphide  occurs  in  brown  to  black  Tnasaes,  and  is 
lUed  zinr  Unufr,  nr  simply  htfuife.  It  is  an  important  zine  ore.  The 
llphur  18  reniovL'd  by  ri>aHting,  aufl  the  oxide  fomaed  is  reiluccil  with 
KUvoal  Tbe  proct^ss  which  occurs  in  the  roasting  is  represented  by 
»  cqtwlinn  2ZuS  +  30^  -  2ZnO  ^  2S0j.  The  Hulphiu-  dioxide  thereby 
ndacefl  is  used  for  the  preparation  of  sulphuric  acid.  This  ia  done 
K  Oidy  for  the  eake  of  utilising  it,  hut  also  in  oitler  that  it  may  not 
mpe  into  the  air  and  exert  its  destntctive  action  on  plant  growth. 
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62o.  Cadmium. — This  clcniem,  which  is  very  similar  in 
ooetti-3  ill  comi>;Lr'Jitively  smali  anmuiit  in  iiadii'o,  associnUMl  «ilh  i 
ineliiL  As  it  is  more  readilj'  voliLtil^  than  zint,  it  L-oUects  in  the  I 
portions  of  the  distil  lute  in  th«  propniution  of  the  latter.  It  is  aM| 
white  metal,  ahnosl-  as  soft  us  lead  ;  it  melts  at  320"  and  boils  at  t^ 
Its  vapoiu-  (lenaity  points  to  a  molar  weight,  which  ia  (.u|Ua]  to! 
c-ombiiiiiij^  weight,  Ci3=ll!2"4;  the  formula  of  the  el^tmcnt  in  | 
vapnrniia  state  is  therefore  C(i,  siiuilarly  to  ziiic. 

Ciiilmi iini  funms   only  one   eleraenliiry  iun,  divalent  livuimiDTi, 
The  metiil  disaolvtis,  although  ^ery  slo\/]y,  in  ni|iieoua  auids  with  tn 
tion  of  this  ion.      Cadiaiioti  is  coloiirl'eas,  and  acts  «s  a  rwlhtr  vir 
pfiison  oti  the  lower  and  higher  orgiinisras.      Its  heat  of  fommtion 
the  niietii]  is  77  Irj. 

Tlic  fadnumu  salta  in  a<|neou8  solution  are  distingiiishetl  hy 
fact  that  miiny  of  them  are  considerably  less  diaaodfttewl  into  i-ms  tbli 
the  corresponding  salts  of  the  other  divalent  mitions.  This  ^s  i»[*i'iallj' 
noticeahld  in  the  case  of  the  hjdngen  compounds.  j 

from  the  at^ueous  fioluLionsof  the  cadmimu  salts  alkali  hrdrodU 
precipitate  white  aulniUtm  ht/tUiKride,  which  Is  iasoliihlo  in  an  «;ic««»« 
the  precipitant.  This  is  in  agreement  with  the  genend  iiicrpjisr  ij  iW 
basic  proijertiea  with  increasin^iC  coiul>iiiiiitc  weight  in  the  case  of  aimilw 
elements.  Cawlmiiini  hydroxide  is  shjIuIiIb  in  excess  of  ammonia.  Tht; 
solution  contains  complex  cadminm-anilnonia  ions,  (.Vl{NH3l„'- 

By  hea-ting  the  hydroxide,  and  by  the  combustion  of  the  meulB; 
tUe  air,  ctiAntium  ozi^e  is  obtained  as  a  brown  powder,  wLicL  rs«Slf| 
dissolveii  in  acids  to  form  cadmium  salts. 

Of  the  salts  the  mli'liule  shoidd  be  mentioned.  This  still  exhihiu 
some  similarity  to  the  sulphates  of  the  magnesium  serii"9,  bni  »!■ 
consider-ablc  divergence.  Thus,  it  (.Trstidiisea  at  tho  owliiiiiry  lc7n]»** 
Lm'o  in  iiccordauee  with  the  formula  .'iUCdSO,) .  SHjO,  for  which  liaat 
ie  in>  analogy  known  in  the  ca««  of  the  trite  "vitrioU."  The  fonnnliw 
also  of  the  typicnt  double  salt  with  potasaium  or  amimminin  :«liI| 
floes  not  take  plwce  tpltte  re^ulJly, 

The  sidphate  is  readily  solnblc  in  water:  En  the  casr  of  the 
with  -jT'ds  moletulefi  of  w.-it«r  of  crystallisiilion  tiie  t-eni peraluro  h^ 
very  little  influeiire  on  the  sulubility.  It  is  used  in  mcHicinc,  andii 
also  ftinployiiJ  for  the  constiHiCtion  yf  eleetriad  "  standard  I'clk' 

The  haio^fn  comjiotinds  of  cadmium  exhibit  specially  tlcjirly  (i( 
flbove-mGiitioned  slight  dissodation  in  ftipieous  solution.  Of  the  tlin^ 
compoiJtiids,  0"liiii"iii  cliloride  is  most,  fiulmium  iodirle  least,  diesociidli 
The  hittor  salt  fnrras  crystidline  bLmiiid'  nf  fi  pcai'Iy  lustre,  which  U 
soluble  in  alcohol.  On  account  of  this  property  it  ia  employod  I 
photography  us  un  iodisinij;  salt.  ^H 

"  Apart  from  the  small  cimJiictivity,  tho  following  eKpcrml 
demonstrates  very  clearly  the  slight  degree  of  dissociation  of  eailmiDl 
ioiiide.     If  cadmimo  hydroxide  is  bi-ought  together  with 
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■■  I-  Or  phenol phth.itein,  uo  iilki\liiic  renction  cjin  be  dcWeted,  bocftUsc 
*iy(in>xide  is  too  slightly  sohibEe.  The  siinie  thhij;  is  obaerved  on 
J  n  solation  of  potOiwiuTii  nitraW  i>r  siilptate  instead  of  water.  If 
-iko  H  Ttuutral  siiliitioiii  of  jjntJHsiiim  iodvh,  however,  a  strong 
rto:  reaction  iaohtAined  on  shaking  up.  The  rcjison  of  this  is  that 
■  imi'iin  wliich  passes  iiilo  solulion  from  the  h_v<iriiside  is  converted 
ii'idiisitciaiod  cjvdnmmi  j'wljde,  A  fre&h  i|ii.'intity  t)f  hydroxide 
ihercfure  ptias  into  solutiun,  and  this  must  i;o  on  till  ci|iiilihnuin 
liiiwl.  In  this  proiicsa  tlic  hydroxidton  M  the  hydi'oxide  rema-ilia 
tlrmig  with  potassium  from  the  |)o.t^issiura  ioclidp),  and  the  sohition 
"Khihit  the  roaption  of  hv'droxidion,  {.?■.  must  reiikct  alkaline.  In 
.;.«r  wc  huve  Cd(OH)j  +  l^I'  -  Cdl,  +  20H'. 
('.I'tl,  Cadmium  Sulphide,  tVlS,  i'a  obtained  as  n  fine  yellow  pre- 
npiuie  on  f».-iri.si rij;  sulpliiirt'tied  hydrogen  intti  a  ncutnd  solution  of  a 
iiim  salt.  If  the  soliilion  is  nddified,  pret'ipitatiorb  occiii^  never- 
;i-|i  S.1,  iHid  II  very  considerable  Aiuoimt  of  acid  must  be  iidded  before 
huretted  hydrogen  ceaaes  to  produce  n  preeipl t;ite.  Similar 
rh-'diic.il  pr|iiilihria  are  obtained  to  those  describe*!  in  the  r-aao  of  trine 
Milptiide  (p.  633),  with  this  differi'iiee,  however,  that  the  eoncentnilion 
hydriori  neceaaary  for  equilibrium  must  be  very  much  greater  than 
the  ease  of  zinc. 

*  If   we  have  a  solution  in  which  cadmiitiii  sulpliidf  has  just  been 

f'l,  and  we  add  potJiasinm  iodide  (or  .iny  gait  fontiiining  lodidion), 

IF  cadmium  sulphide  imniediatcly  passes  into  solution.     The  reason 

thie  is  again  that  owing  to  th«  foi-mationi  of  undissoeiated  cadmium 

ide,  cadiuiuji  disjippears  from  the  Bohition,  and  must  be  repiaced  by 

ic  d'usolulion  of  a  fresh  portion  of  thf^  precipitate. 

On  account  of  it«  pure  yellow  colour,  uidmium  sulphide  is  used  io 
kinlin^  under  the  simple  namo  "cadmium,"  einee  otber  oadinium 
iBipniin<la  are  not  employed  as  pig^nents. 
■  An  JiTii-dpam  of  eadiniiim  and  mercury  is  employed  by  dentists 
4  filling  for  teeth,  bccansc  it  poBseases  the  prxiprrty  of  being  soft 
)d  eaaily  roouldeKi  tor  a  short  time  after  being  pjepiired,  but  of  \ery 
100  aolidifyin^j;  to  a  cobcri^at,  liaiU  mass.  Tlii-'>  di^penda  on  the  fact 
I  the  cnmiKiund  of  the  two  mekils  is  a  crystalline  substance, 
kick  w  hard  at  the  ordinaiy  t«)nperatUrG,  but  which  Can  l>e  easily 
percooled.  In  the  soft  ma.>w,  therefore,  we  have  a  siii>erfufled 
lulpita.  W'hfrti  erystdllisfitifi'ii  haa  commonced  it  tu'oceeds  slowly 
ro^h  the  whole  mass,  which  thereby  becomes  hard. 


627.  GeneraL —Between    the    metala   of   th*    new  grmip^   wbitb  il' 
called  after  copper,  and  those  of   the  former  groups,  m»iLy  paitiisof] 
relationship  exist.     The  circurostanc'S   tlia.t  mast  of  the  heavy  metalii 
can  foiTii  several  seriea  of  coiu|M)undSf  i.e.  ions  of  different  valpncy, 
c&uscB  a  croesing  and  icitcnv^eitving  of  thesi;  mutual  rdalionshlps  vhiik  i 
render  it  impossible  to  draw  U[i  a  simple  list  of  thu  dutnentA  in  Kiioh 
a  way    Unit   tljc   most    nearly   n^lateii    advjiys   stand    together.     F« 
indeed,  on  following  out  one  of  the  esisliiiy  series,  other  ones  miul  h»  ' 
interrupted  ;   for   the   stim   of   these   mutual   relatioiishipe   cannot  it 
i-epreaenteel  by  meann  oE  a  straight  line,  Init  only  as  a  much  bmni'liad 
river  system,  or  still  better  perhaps,  aa  an  arterial  sytstcni  cxhibiliug 
manifold  anastomoaia. 

Thus  in  copper  we  have,  on  the  One  band,  a  metitl  which  tn  cchiift  | 
com[Mjnnds  shows  itself  to  be  related  to  the  elements  of  the  magne'inn 
and  iron  eyries,  while  "thtr  cfunponnnle  ethiMt  close  relutionshtpt  lo 
silver  and  mercury.  We  have  already  frequently  met  with  such 
ambi2;uitj  of  bohaviour,  r.7.  in  the  case  of  iron,  and  <!fipwially  of 
manganese  ;  it  [xiints  to  the  fact  that  a  systemalisation  of  the  choinial 
elements  according  to  a  $inf;le  scheme  is  imjKigsible,  for  a  roiUjf  1 
exhaustive  system  must  necessarily  contain  all  iho  eKisling  relaiJao- 
ships,  and  must,  thorcfore,  be  of  snch  a  form  that  these  diver^iUM 
i-ee«ive  adeqiL-ita  expression.  The  satisfactory  solution  of  this  problUB 
has  not  as  jet  Heen  attained,  and  we  muat  at  the  present  time  geturer 
the  (lifEculty  by  pointing  out,  i^hen  necessary,  the  various  relationshipt 
existing. 

&3S.  Copper. — -Of  the  heavy  metala  already  diecnssetl,  copper  ii 
the  first  that  is  found  in  any  considerablp  quantitj*  in  ihn  metallic  st*t* 
on  the  earth,  and  it  boloui^s,  therefore,  together  with  eilvor  and  gald, 
to  the  metallic  elements  wliteb  have  been  longest  known.  It  is  6» 
tingnished  from  all  other  racita.!i3  by  its  bright-red  colour,  wbkli. 
however,  is  seen  only  on  fresh  surfaces.  Even  in  a  very  short  linw 
these  become  covered  with  a  dark  coating  of  oxygen  or  sulphur  cotn.- 

^36 


COPPER 


637 


rliicli,  although  it  does  nobdeatToy  the  metallic  lustre,  cliaiige» 
red  colour  of  the  pure  luetul  into  the  brown-red,  which  is 
ailed  copper-refJ. 

er  melts  at  1050',  hiia  the  deuaity  8*9,  and  is,  at  the  ordinary 
lire,  a.  tenacious  metal  whlth  can  be  mechfiriically  mouliied, 
h  reeists  well  the  in ttuunces  of  the  atmoaphere  and  of  moisturfa. 
;   oxposi^d   for  a  lengthened  period  to  mc-iet  air,  it  is  true,  it 

covered  with  a  layer  of  oxygen  compounds ;  this,  however, 
/pry  thill,  and  effectually  protect3  the  metal  underneath.  At 
t  copper  comhinea  fairly  rapidly  with  oxygen  to  form  a  black, 
dd(!,  which  readily  breaks  off  in  scales  and  exposes  the  uiidar- 
tjil  to  fresh  iitUick. 
3«oiint  of  its  chemimL  resiatibility,  its  good  mechanical  ppoper- 

ita  melting  point,  copper  is  largely  emploj'ed  for  uteiisils  of 
^     Another   very  extended  sphere  of  application  of  copper 

oil  its  great  cniludifih/  /or  the  fio:tnc  curreiii.  In  thia 
it  is  superior  to  all  other  accessible  metals  (silver  is  alone 
to  it),  and  very  large  qnautitica  pf  it  are  thcrefoi-o  employed 
»-techTi ics.  For  this  purpose  it  must  be  very  pure,  since  the 
fity  ia  greatly  lowered  even  by  very  sumll  amounta  of  foreign 

les  l)eitig  used  in  the  pure  state,  copper  in  also  extensively 
1  for  alloys.     Brass  has  already  been  mentiotted  ;  others  will 

later. 
cuniljininf;  weight  of  copper  is  Cii=  636. 

Tbeloas  of  Copper. — Copper  forms  two  kin'la  of  elemen- 
,  the  monovalent  moriocuprion,  Cu".  and  the  divalent  dicuprion, 
he  latter  is  allied  to  the  divalent  ions  prflviously  described, 
er  belongs  w  a  n^eiv  tyjie.  Of  the  two,  ihe  divalent  one  is  by 
sost  frequent  and  better  known,  and,  for  that  reason,  ^hall  be 
iribed. 

formation  of  dieupritui  from  raetjillic  copper  docs  not  Uike 
arly  so  raidily  as  that  of  the  ions  of  the  metals  hitherUi 
1.  Without  the  co-operation  of  the  atmoBpherio  ox\'gen, 
jids  have  no  appreciable  action  on  metallic  copper,  and  only 
id  OF  hot  eoncentra.ted  sulphuric  acid  bave  a.  solvent  action, 

not  hydrogen  but  a  reduction  product  of  the  pai-ticiilar  acid 
id.  On  the  other  hand,  hydrogen  gas  aets  on  solutions  of 
dts,  elimlnatiiig  copper  from  them  with  the  sinnultaneouB  for- 
if  free  acid. 

ader  ordinary  conditions,  this  reaction  occura  ao  slowly  that  it 
e  det«4;ted.     If,  howei'er,  thp  action  of  the  hydrogen  ia  aci-eler- 

thc  presence  of  a  catu.lyser,  c^.  metallic  platinum,  the  action 

elected, 

ie  di$30liltioii  of  metals  in  nitric  acid  is  HCcoiOj^iinied 

f-oi  a  portion  of  the  acid.     The   process,  can   be   ruE 


PBINCIPLES  OF  INORGANIC  CHEMISTRY 


the  acherae  given  on  p.  607.  if  wo  write  nitric  acid  as  a  liydroxvl  (<iai 
pouiul  of  peiitavaleiil  iiitrogea.     The  soriea  ia  : — 

NitriL- aoiJ.  nNO,t2H.jO  =N(Oll)i 

Nitrogen  jwroxidF.  NOj-H-iHaO^StOH), 
NiUoua  mid,  J3N"0^-fH.,0  =N[OH)b 
Nitric  laid^,  NCI+  hLO  =N(OH|j 

Hyponitwjufl  Mi<l,  ^U^SJ^,       =  NtOU), 

In  the  oxiilising' iH'tion  of  nitric  acitl,  from  one  to  four  nxuljvt 
units  can  take  pait,  defwndiii^f  uti  wtiich  u£  the  h)TVor  lui'iubei's  ihi*  mai 
IB  coiivertfd  inlo,  ;intl  the  ccjluvtion  haa  to  Iw  written  ncevixMiiglj,  !^ 
for  exiLmplo,  it  ia  desired  tn  ex[>!*es8  the  tixidatioii  of  cojiper  i--  -'""■ 
Hon  ivtth  furmation  of  nitric  oxide  (which  is  the  prcdoniiimii' 
oi]  treating  copper  with  nitric  licid).  we  have  the  follouing.  tMi 
mi>le  of  copper  requires  two  luiits  in  order  to  pass  into  dicnprion ;  <Kt 
mole  of  nitric  acid,  however,  yields  three  \iiiit«.  Cnnse^jiientlv.  ** 
miis-t  ftllow  two  moles  of  nitric  acid  to  react  with  throe  of  i»[i|'tf. 
The  three  molea  of  copp«r,  hoivever,  reijiiire  (nrther  six  moles  of  nitrii 
a.cid  ill  order  to  pass  into  iiormftl  nitrate  ;  altogether  then,  eight  iuoIm 
of  nitric  acid  act  on  three  of  copper  : 


3Cii  +  8HNOs  =  3Cu(N0a)s  ^  2N0 


4H5O. 


4 


"■  Similarly,  it  is  found  that  etilphuric  ncid  on  pa,^iig  into  «iil- 
phurmia  acid,  vie  Ida  two  oxidation  nnit!<,  and  these  are  fiiictly  iiiS- 
L'ient  to  convert  one  mole  of  coppej-  into  dicnprion.  One  mo(e  luort  of 
sulphuric  acid  serves  for  the  fornwition  of  the  salt,  ao  that  we  fiokllj* 

have 


Cui-2H2SO^  =  CuSaj 


SOg  +  2HaO. 


Ill  its  solutionB,  dicuprion  ia  greoiiiahbliie  in  cohmr.  Ifanyol^ 
colour  is  ahovi-n  hy  a  cupric  salt,  wo  must  tront'ludL-  thut  the  iioitt' 
sooiated  portion  uf  the  salt  is  also  coloured.  This  is,  as  a  matter  i' 
fact,  often  the  case. 

For  the  highor  orguuiams,  dicnprion  is  a  rather  powerfi;)  poiioo. 
whilo  nioiilda,  for  example,  can  Honriflh  in  preaence  of  copftcr  adta 

The  heat  of  formation  of  di<;iiprion  from  the  inetid  aniouiitB  tt 
-  tiC  Aj";  it  ia  tlierefoi'e  ni'gativo,  while  thnt  of  the  metallic  cMtiow 
liitfmrto  TOiiaidcrcd  was  positive.  The  diffienlly  of  thii  funniition  li 
the  ion  from  the  metal,  aud  the  ease  of  the  reverse  tmtisfonnaliuik 
whieli  wu  meet  witlii  in  tlio  latse  of  copper,  are eotinocted  with  tim  (art. 

030.  Copper  Hydroxide. — From  the  solutions  of  cupric  tsll% 
strong  base.'i  |ircd|>itJile  cupiic  Uf/iininil'-,  l'u(Oll),„  ]LB  a  bright  Mw 
.snbatamco,  which  on  l>uin^  kept  fmr  some  time  under  Uie  solution,  mon 
"[iiiukl  V  on  hunting,  becomea  dark  brown,  ;it.  the  same  time  losing  vilei 
iiiid  piiEsiiig  into  ciipni-  vxidc,  I'uO.  It  m;».v  be  asked  how  it  i«  potssiU 
for  a  subslaiiee  to  lose  water  while  lying  under  water,  of  which 
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fere  as  much  at  its  disposa]  as  it  rerjulres.     Tlie   answer   is  that 

c  hjdroxuifl  is  not  at  nil  a  sUhle  coini>oii»ri  at  the  ordinary  AXtd 
ligher  temperature*,  and  tlie  fact  that  it  is  producpd  before  the  £omi 
jch  is  most  staMo  under  the  onditi'un.s  viz.  copiwr  oxide  aiid  water, 

case  of  the  law  of  the  prior  formiitioii  of  the  unstable  forme. 

Copper  hydroxide  is  not  sohiblc  in  alkalis  except  iti  very  gTontl 
oimi,  wheu   the  solvent  is  very  concentrated.      In   the  presence   of 

ly  organic  aul.iaUtncea  it  dissolves  with  fommtion  of  eomplex  eom- 
Bnds  of  dark  hhic  eolour.  Aniinuniii  iilso  precipitiitea  i.'Upric  sjdt» 
th  formtitioii  of  hydroxitlo;  :iii  ex-ct'ss,  howcvor,  a^jtiti  efl'Mtfi  disBolu- 

.     The  liquid  ther&hy  becomes  of  a  dark  coni-tlower  hJuc.     This 

feign  that  a.  new  ion  has  been  produced  ;  us  .1  matWr  of  fact,  from 

thkrk-blue  solutions  salts  ctLn  hu  ohtiiincd  in  the  sohd  stAte  contaia- 

ihe  falion  t^l(^■Ha)/^ 

Cop|Jcr  hydroxide  is.  Jint  a  strong  Imse ;  it  la  one  of  the  weiikest  of 

hydroxides  ni  the  divalent  ions.  This  is  shown  in  the  distinct 
ilfolyeis  of  its  snlta,  in  cuuaeijiience  of  whirh  the  solutions  of  the 
te  of  strong  aetds  all  react  acid.  Cuprie  salts  of  wtKik  acids  exhibit 
cnomcitJi  of  decomposition ;  some,  c.ti.  the  cari)onatti,  caiinoC  bs 
Uiaed  at  all  iu  the  normiil  condition,  but  only  salts  cmtaining 
■droxyl,  or  baeio  salts,  are  known. 

Betddea  being  formt-d  by  the  deooni]»oBilion  of  oupric  sjdts,  copper 
Bda  is  also  obtained  by  the  direct  oxidiition  of  copper  in  the  air  »t  % 

red-heat.  Cuprous  oxide,  the  anhydride  of  cuprous  hydroxide 
lit  mjitt),  13  first  formed,  but  this  ftlso  passes  into  cupric  oside  under 

■hove  conditions. 

Oipper  oxide  is  very  readily  reduced  to  the  metal  by  means  of 
^ilrogen  with  production  of  water,  ll  has  already  been  monlioned 
at  ihie  reaction  was  Used  in  onlcr  to  determine  the  ratio  of  comhina< 
Ml  lietween  hydrogen  and  oxygen.  This  same  property  of  reiidy 
NhlciUIity  conditions  the  use  of  copper  oxid&  in  t/r/finm  elfmentary 
wlyMj".  The  substance  to  be  invcsligated  is  mixed  with  excws  of 
ppef  ozido.  the>  mixture  placed  In  a  tu'^e  and  the  whole  heated,  after 
•orptiori  apparatus  for  wa:er  {calcium  chloride)  and  fur  caTlmm 
oxide  (cJinsti*;  [JOtash  or  Roda  lime)  fuive  l.e<^ii  attached.     Hy  tneana 

tht  oxygen  of  the  copper  oxidtv  the  carbon  of  the  organic  compound 

burned  to  carbon  dioxide,  tht'  hydrofien  to  water.     These  products 
>  collected  and  weighed,  ami  from  this  the   amount   of   the  above 
urnts  <,'ont.iiiied  in  tbv   organic  compound  (also  weighed)  ctin   be 
KerminMil. 

Any  nitrogen  which  is  present  is  evolved  in  the  free  .';tate,  and  the 
ount  can  :dso  be  Jetermined  by  collecting  and  meiiauring  the  gaa. 
ll.   Cupric    Chloride. — Anhydroua    cujtrie   -rhhmie,    CuC'lj,    is 
by  the   combustion  of  cojipor   in   a  current  of  chlorine,  as  a 
low-browu   powder  which  dissolves   in   anhydrous  solvents  with  a 
rk  yellow  colour,  whereas  ita  aqueous  solution   is  blue  or  green. 
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according   to   tbe   CDni:en trillion.     From   tho   solution    the    salt 
2H.,0   cryetalliees  out ;    on  (wi'ount  of  adhering  mother  liquor,  I 
generally  ivppeara  green,  fmt  in  the  pure  state  it  is  bright  blue. 
hydrated  salt  tin  bulng  hatted!   loses  hvdrogen  chloride  along  with! 
water,  like  many  of  the  other  chlorides  of  this  group,  and  is  conrc 
into  an  oxyuhlorido.     The  anhydrous  stdt  expericncea  the  same 
formation  on  being  heated  in  oxygen  ;  chlorine  is  evolved  at  the  i 
time  ;   4CuCl,  +  0„  =  2Cu„0Cl.,  +  2Cl„.    Hy  means  of  hydrog*'n  chla 
the  oiydiloride  is  again  ranvertod  into  the  chloride:  Cu,OC'l, 
=  2CuClj  +  HX'-     This  reaction  ia  madu  use  of  for  the  miimifaftia 
chlorine;    the  uitaiytic   acceleration  of    the  oxidation    of    hyi 
chloride  with  free  oxygen  <p.  169),  also,  is  attributed  to  tho  alte 
occurrence    of    those   two  procceaca   in    the  mixture  of   oxygeQ 
hydrogen  chloride,  but  this  view  still  litcks  experimental  fouiidatJB 

L'oncentrti.ted  iUiueoUa   Buluiions  of  COpp<?r  chloridt;  appenr 
If  fuming  hydrochloric  acid  is  added,  a yellow-broMu  litjuid  is obt 
Tho  latter  colour  i^  the   indi>'iduul  colour  of  the  undissucuted 
chloride,  the  dissociation  of  which  is   reduced  almost  to  sere 
Ifti'ge  execs*  of  chloridion.     So  long  as  considerable  amourita  of 
sixiiated   Eult  are   present  in   the    fairly   conceutnttcct    ^uUitiona.] 
iniKOd  colour  formed  by  the  yellow  of  the  chloride  and  the  blue 
dicuprion  is  produced.     Very  dilute  solntJous  in  which  the  dici 
predominates,  exhibit  the  blue  colour  of  that  ioii.     On  being  he 
diBaociation  ia  diminished  ;  the  yellow  colour  of  the  undiasociated  i 
appears  nlso  to  boeome  more  intenso  {p.  631),  so   that  for  this 
alao,  the  solutions  change  colour  towards  the  green.      If  we  writ 
a  solution  of  copper  chlori-la  on  [japerf  the  characters  become  ys 
on  being  heated  at  those  parts  where  the  strongly  coloured,  anhydo 
salt   is   formed,  ruid   on   cooling   disappear  again  where  the 
coloured  bydrated  salt  ia  formed  through  the  attraction  of  moi 
fi'ora   the   air.     This   solution  cjin  therefore  alao  be  used  lu  a 
pathetic  ink"  (p,  6:11),  bnt  must  not  be  applietcl  with  a  steel 
])ocausG   iron  acts  on   solutions  of  copper  with  precipittttiuri  of  ibii 
metal. 

As  hoa  just  been  mentioned,  cnprie  chloride  readily  forms  off- 
chlorides  with  loss  of  chlorine.  These  compounds  vary  in  ronipewiticn 
according  to  tlie  eundiUojis  of  formation.  The  one  be&t  charactchHll 
is  the  compound  CujCE(OII>3,  which  occurs  in  nature  as  utufmnUt,  aal 
is  also  raiidily  formed  whore  chlorine  oomjKmiids,  wal«r  liiid  oxyffO. 
act  on  copper.  It  is  a  briglit  green  substance  which  forniR  rhombic 
crystals,  and  i&  scarcely  soluble  Jn  water.  It  diseolvea  reJidiiy  in  acWi 
and  in  ammonia,  as  indeed  could  be  (ixpectod  from  it»  coui position. 

63^,  Copper  Sulphate.— L'upric  sulphate  or  o-'['pfT  ntrwl,  CuSO, 
ia  ohtiiined  on  tliv  litrge  si-Ai\e  by  tho  oxidation  of  naturally  occurring 
Bulphur  compounds  of  topper.  It  is  a  salt  which  crystallises  iu  hlne. 
briclinic    cryeCaU   with   oIL^O,    and  which   is   similar   to    the  othtf 
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wriols  "  in  in   profwi'ties.      According  to  the  temperature,  the  sail 
;c«  up  other  "jiiftiiuties  of  wiiter  ami  exhibits  iorma  whicb  occur  in 
case  nf  tbe  si]l[ili3.tGH  of  utter  divnlent  metals  (cf.  p.  r>7$).     It  hIbo 
Vises  utoii^  with  [lotABsium  and  ummoiittim  sulphitte  in  iloubls 
writli  lill^O.     Tba  water  of  cryalalliuation  passes  off  fairly  rBtiilily, 
t  Willi  1I[,0  i»t  fii-st  rciiiaiiiiiig  beliiiid,  whtth  is  more  dilficiilt  to 
drat#.      The  jiuhydrtms  sulphate  ij^  ilii-iy  white  in  colour  :  in  the 
.lieorlw  water  and  aguiri  liecuiiies  blue,      Tho  dehydrated  cypper 
IS.  souieiimes  iiseit  as  ji  desirnitiiig  ajfent,  especially  for  liquids, 
Ki'oont  of  the  convenience  of  bt;itig  aide  io  tell  when  the  dusiccutioii 
minplele,   from   the   iioiiappennince   of   the  blue  colour  in   I'reshly 
ddd  sulphute. 

If  Alt  tlrdfii-  i-iirrriit  is  piwsed  thnHiKh  'i  saliitioii  of  coppei*  sidpliat*, 
rtallic  fopper  is  deposited  ai^  a  coherent  coating  on  the  cathode,  As 
in  [artii'uUrly  ^'iisy  to  obtain  a  (^nod  preci]Htate  with  copper  (p. 
Sft),  ibi«  process  is  mudc  use  of  not  -inly  for  cfMiting  other  ol^jccts 
nh  coppfT,  Ijut  also  for  shiipinfj;  objects  iti  copper,  and  thus  of  (»ro- 
'ing  n  sort  of  cold  metallic  casting.  The  deposit  lills  out  very 
ciXy  the  form  of  the  cathode,  and  when  ic  has  acquired  a  certftiii 
lickneas  it  ciui  hi-  removed  &a  h  coherent  mas^.  For  this  leaeon  it  is 
il  for  Uikiiig  casts  of  printing  hlocSiH.  Thusu  are  lirat  cut  in  wood 
A  then  CA3t  iu  wann  giittn-pei'cha  or  in  very  readily  fusible  metal 
.  hismiitb),  and  the  cast  is  then  made  r.he  cithode  of  an  electric 
Tent  in  a  solution  of  copper  Riilphate.  The  anode  consists  of  cupper 
ocder  thnt  the  ((.mount  of  copiter  cnntjiined  in  the  aolmioii  shidl 
Wwin  unchanged  (p.  H'lh).  Noti-conductiii^  cnats,  such  asi  those  of 
aiia-jif.Tchji  or  gypaiim,  are  first  covered  with  a  conducting  l«yer,  e.y, 
mh'nng  with  grajihite. 

The  same  proci'ss  is  made  use  of  fur  the  purpose  of  purifyin'j  ini- 
n  copper.  The  impure  copjKi'  is  then  made  the  anode,  and  a  thin 
Mt  of  pure  copper  is  used  for  the  cathode.  On  this,  very  pure 
i^iper.  "electnilytic  copper,"  is  defiositeil  if  a  current  of  very  small 
ulerivifll  iti  employed,  for  the  impurities  either  arc  not  ili^olved.  but 
Ilk  I'l  the  bottoia  as  "anode  mud,"  or  they  are  not  Hepnrnt^d  out  at 
ke  QilhrKle  («.y.  iron),  and  must  be  removed  from  the  aidution  wlian 
♦y  have  acnuiiniial.ij'd  too  ranch.  The  copper,  for  example,  whicli  is 
(od  for  eloctricul  piitposos,  and  which  mUat  bo  very  pure,  is  treated 
til  is  way. 

One  citn  s|>are  one's  self  the  i^pucial  generation  o£  an  electric  current 

BittViii^  the  «epiratiou  of  copper  a  part  of  the  re>;Lctions  in  a  voltaic 

As    tt    m-itter  <A    fact,  thy    process    nf   electHoivl    Opjfer  castiuK, 

'.^rina,  was  (liscovered   through  copper  sulphate  lieing  used  as  an 

idining  agent  in  a  voltaic  cell,  whereby  the  deposited  copper  took 

rs^tcl  shape  of  the  catbtxle. 

Such  ft  cell  is  represented  in  Fig,  118.    A'  is  the  cathode  of  iOoppor, 
t   portnu  cell  of   Rred   clay  which  allows  the  current  to  pmss,  but 
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checks  th«  mixing  of  the  liquids,  ami  Z  is  an  it^iiuiU'  ol  metuIKi' 
K  13  suri'ciuiiilecl  l^y  a  solution  of  coppieT  stiliiiintc,  Z  hy  n  9i>hiUinii 
zinc  sulphiLtc.  Whcm,  then,  K  lunt  Z  ure  cniiiifcu-d  hy  a  metallic  <o»' 
dtictor  i,  the  (lepusition  of  tpjpper  oti  A'  occurs,  while  ad  cttiiivalu 
amount  of  zinc  is  at  the  snine  tiuiQ  tliNsolved  fittm  Z.  IViinTig  lUJ 
pmcess  (in   electric  current  passes  thi*ough  tlie  fontluctor  in  t)ie<)iPiK 

tiuii  uf  the  ariijw,  iiriil  ciiii   W  euilyj 

J,  iXaXectnA  and  lueuflured    liy  iiiAtTtini;  | 

turreiit  inilicator  in  lh«  tircuiL 

The  cliL'Tnieal  procesa,  tliervfa 
conaista  in  metallic  i-iipp*T  Iwiiig 
pudtt4Kl  from  the  copper  snlphjilC' 
zine  disaolvjii^  tii  zinc  ^utphiiK-. 
we  write  the  w|H«tinii  of  tho  thiw,  w| 
hiive  Hritt  of  all ;  Cu  -r  Si.)^'  *-iIoa| 
(.'11  +  Zti"  -r  SOj"  1  omitting  on  nitJufi 
aiilo  the  I'oii  SO,",  wliii'li  roin«M| 
uiirhnrified,  we  obtain  Cu"  -  Zft  =  ' 
Q\i-r  '/a\".  The  process,  ih^ireftni' 
simply  conHiiits  in  the  copper  ind 
due  exch;tn^iijt'  th<?ir  riMe  as  i«Da,  or, 
since  (lie  ionic  state  is  ilett'imint^i  Iff 
thi'  positive  electrical  charge,  in  tilt 
cuprion  yielding  up  it«  c-harge  to  thl( 
aiiic,  which  therchypAsse.^intonncion,' 
while  the  copper  \t,  flo|H)Bitw)  in  tW 
msudlic  state, 

This  process  inun^diiitely  occurs  when  metallic  zinc  is  inlrmliioflt 
intit  II  solution  of  copper  sulphate  ;  copper  is  deposit-ed  and  sine  il 
diasolved.  An  electrical  current  cannot,  however,  he  obtained  iji  ihii 
way,  Th<]  reason  of  this  ie  that  the  transference  of  the  charges  tilv 
place  eveijwhere  ivithm  the  liquid,  ho  that  it  is  not  }i'OsisiMe  to  liy 
hold  uf  »nd  conduct  the  electrical  movement.  In  the  arrant^tfnK^K 
shown  in  Fig.  llS,  which  is  called  after  its  discoverer,  the  VJinjiWcfflt 
ihe  solution  of  thf.-  zinc  and  th«  deposition  of  the  copper  uke  plwr  U 
st'paratpi  points,  nnd  this  l*ecumt>s  jKissiblo  only  when  itic  [iei'f<HrT 
equalisation  of  electricity  oceitra  through  the  mcdiTim  of  the  Itmi; 
the  one  hand,  and  of  the  conductor  on  ihe  other. 

633.  Voltaic  Cells.— In  order  thsit  the  above  proceas,  whcroll 
electric  current  is  gi'nerated  in  the  Danicll  ccJ!,  may  occur,  it  k.  eviiletft 
that  the  rcactione  on  which  the  <"ell  iB  haacd  Rhfiuld  oecur  even  wili- 
out  this  ,s]>i-cial  arrfin^emcnt,  since  there  would  otherwise  be  no  nuuC 
U>  make  the  process  take  place.  Now,  however,  only  those  (irocestB 
occur  in  which  free  energy  is  Jiv»iliihlr  ;  a  vollvtic  cbU  is  therefore  M 
appamtiis  hy  means  of  which  free  chemieiil  energy  ia  cotU'crlcd  inU 
free  electrical  energy. 
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it  will  tli«*f'")i<-'  Ue  jmssiliie  tn  constnict  other  t^^Ua  after  Llie 
tern  <if  T]ie  Daiuell.  liy  reijlncing  thf  zinc  unci  the  copper  \ty  other 
,s  pbwod  in  Bolntiods  of  ihoir  salts  And  connectetl  with  one 
or.  This  is.  ns  :t  matter  uf  fii<~t,  tlm  aiee  ;  with  ttverj'  such 
.binatioTV  u.  oell  is  oStjj.iiie(l  in  wliich  one  of  iho  ineUtl^  ja  reduced 
ila  Bait  anil  deftoj^iied  in  tlie  nietsillic  state,  while  t\w  other  ia 
iiijaad.  i.f  ie  disaoh'L'i!  us  ion.  Whit'h  of  the  two  coniiMtyfl  ixietJiU 
lUnie  one  or  the  other  rflle,  is  (uiincl  by  iiilrufliiriiij:  each  metal 
le  solution  of  tlie  other  ;  one  of  the  mctais  will  then  preci|iitflte 
otiier  fntrn  its  solution,  whilo  the  other  metal  will  leave  the 
iDtiori  of  the  fir«t  <tnchu.nge>l.  The  piccipitating  metal  ie  then 
tnys.  the  anode,  which  aUn  ili^solvea  in  tlie  cell  the  s«me  as  in  the 
I  BXpepiment,  and  the  preuipiiali-d  mejal  la  the  catliotie,  for  it  is 
Hwaited  in  the  cpII  in  tlii*  siiinu  wftj*  fie  in  the  direi^t  Jittimi.  From 
utc  expt-rimente  it  is  found  that  a  given  mctiil  can  both  precipitate 
id  be  preuijiitaLed  ;  cndniiiini  cliininaieB  copper  from  soliiliona  vf 
hpper  salts,  but  is  depmitud  from  its  soluiione  in  the  metallic  state 
tine 

The  law  which  obtAins  hers  can  he  expressed  aa  follow»  :  It  ii 
tniir  tit  •trT'iirif'  nil  tlw  mrloh  iv  ii  Mjiylr  series  in,  Stirh  "  h""'/  linil  etirJi 
mj^talifM  nil  the  nidnh  folhwmg  ff'm  Ifirir  nijueifus  .tuhilioiin,  Imt  m 
■njrd'itoJ  fnj  c'irA  of  the  firrcrilhuj  imen.  On  occotint  of  thd  electrical 
■Iitions  of  this  gerifs,  to  he  prBacntly  mesitJoneil,  it  is  called  the 
iTifw/  «Tva  uf  iha  mi^tfila. 
6.T4.  Electrical  Potential, — The  work  which  iin  elecinc  ourcent 
n  jwrforni  depends  not  onty  on  the  strength  of  the  CLirreiil  ur  tlie 
mount  of  i>l>>clridtj'  wbich  in  unit  of  time  jiiisses  through  u  sectiun 
the  roiidiictor,  but  on  iinother  magnitude  (is  Vf-cII,  which  ia  called 
»  pjlfnti'ii.  the  unit  of  ivhieh.  fixed  unuf;  for  ail,  ia  lyiUed  the  'fit. 
1^  an  electric  incauilcsceiit  Inmp,  which  is  supplied  \>j  u  ciurent 
one  lUnpTe  (p.  Tilii)!  iit  a  potential  of  .'ti)  volts,  gives  the  same  Itght 
>  lamp  whici-  uaea  a.  curreut  of  5  atnpei-ea  at  IQ  volte,  whiii:  at  ii 
Xiefliial  <of  'M(i  volts  :i  currt^ni  of  0'25  umpera  is  sufficient  tu  prwlucti 
«Hiie  *ttects 

FrDio  iliis  example  it  is  at  unce  aeen  that  the  electrical  w-nrk  of  a 
nvnt  is  measured  hy  the  pifiurl  aj  slrmf/tlt  of  cw-retd  iDitf  poirfiiiitl, 
hu  has  a  great  similarity  to  thi^  pRrformiinre  uf  work  by  a  fnllin;!  rnass 
water;  in  tbia  caso  uleu  the  w^rk  depends  o-n  the  'iHanttty  of  the 
iter,  and  on  the  height  of  fall,  and  the  atnount  of  work  «hich  ran 
ohutined  with  the  snine  quantity  of  water  is  all  the  gr*at?i'.  the 
mtcr  iho  height  through  which  the  wnier  titlla.  To  the  •piantUu  of 
ii»r  tli«re  correspotids  the  miLL'rtiinde,  which  has  been  c&lled  r[u<intity 
^Itfinfiiit,  and  which  can  he  me4tsijre<l,  in  accordance  with  Faraday's 
(p.  197),  bv  the  amount  of  snhfltanee  ae[)aralud  electro lylically  on 
erting  an  I'lccti'ulytic  coll  irj  the  ciii'nit.  To  the  hti'ih{  aj  fid!  there 
Dilfi  the   pruperty   of  I'lectrieal  energy,   which   has  just  been 
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is  filled  with  pure  water,  it  beliavea  easentially  lite  any  opdirir 
cell,  for  ijtiilor  slight  presi^iire  the  water  llows  thrtmgli,  n:' 
elowlj-  than  when  the  predpitate  is  absent.  If,  however,  itt^tc-i'l  '4 
the  pure  water  an  a<jueous  solution,  '.'.(/.  of  ordinary  aujiJir,  la  jilikpcd. 
in  the  cell,  thia  d'tes  not,  in  tlie  first  itistance.  filter  through.  ((  tbt 
pres.sura  is  increased,  pijrcolattnu  cummen'Ces  ut  a  detinite  pressure,  lint 
it  is  not  the  Bii^ar  BoUition  that  tiltorB  through,  but  jjiire  wat«i*. 

If  the  experiment  is  performed  with  different  solutions  of  iiigar. 
it  is  foarid  that  a  delinite  preaaiire  js  iiec^^Sfti'y  In  iHtib  case  in  onler 
that  the  iv»tor  may  pass  through,  and  this  preasuie  is  proportiouiS  H 
thfl  coacaritration  of  the  fioiution. 

If,  after  Iteing  closed  inul  a.  nmiinmeter  jutncbeJ,  the  cell  is  jiLurtt 
in  pure  water,  th«  laCttii'  (^onlinnes  to  pass  through  the  L-ell-n'iili  until 
the  sanitr  pressure  Ja  proJuceil  as  that  iiniler  which  the  water  coiJi 
he  forced  lliroiij^h  the  L-ell-wall. 

Various  other  suhatanccs  bi>havc  in  a  manner  similar  Ut  suga; 
ihey  are  kept  bitck  hy  tho  cell  wall  and  generate  a  pressiiio.  There  in 
Buhstantes,  hownver,  which  are  not  kept  back  hy  the  cell-wtill .  ill 
also,  do  not  getiemte  a  presBitre  (or  only  ii  comparatively  small  < 
when  they  arc  partially  rolaiued). 

AVe  rnuat  conclude,  therefore,  that  the  pressure  is  duo  to  i 
dissolveid  substance  ;  tlie  water  cannot  give  rise  to  it  liecuuse  U , 
pass  through  the  cell-wall. 

On  comparing  eolutions  of  dilTerent  Hiibs^tances  which  do  nin 
through  tho  coll-wail,  with  respect  to  the  pressure  which  they  pr 
it  is  found   that  the  same  pre^ure  is  jfruildcnl  hy  tikm  aolvliuHtth:^ 
caitratiorin  r/  which  an-  in  thf  rnlio  of  llif  iwiliir  iiviffJits  uf  the  rfis 
sul/tiliiiK'es.     These  pressures,  therefore,  which  are   calletl   nstaoltc 
snrfs,  could  he  nscd   for  the   deteiToination   of  the  molar  weight 
dissolved   aub&tanci-a,  in   thf?  eanio  miiiinar  iia   the  depn-s^^iuii  uf 
freezing    point  and    the  lowering  of    the    vapour    pressure  (p.  ll 
The   oxpcrim-imtAl  ditticldties   iu   bhv   carryiug  out  of   such   tu« 
merits,  however,  are  very  great. 

The  tetuperature  exeraaes  an  ijifluence  on  the  osmntic  fir 
under  ordinary  conditions,  the  latter  increases  about  ^ihI  per  rent 
every  degree, 

On  tho  whole,  therefore,  the  osmotic  pressuro  follows  similar! 
to  tht  gci3  presftur*> ;  the  tatter  is  also  projiorlional  to  the  conceutr 
or   density  of   th&  gaa   (Boyle's  law,    p.   6S},   and   for   eveiy   lit 
incrofi9e-9  by  1/273,  i>.  about  Ji-d  por  cent  (Uay  LusgncB  law.  p.  691. 

The  resemblance,  however,  extentli?  sl.ill  fitrther,  If.  for  exanipla, 
the  09iuotic  pressure  in  determinei)  udiiob  is  exerted  bv  a  di-tiiiit4 
solution  of  carbon  dioxide,  it  in  Found  to  1ie  ju^it  as  }!;>'f;a,l  a«  thkt 
exerted  by  iho  same  amount  of  carbon  rliovide'  when  it  occupiM  Ui 
tho  gfiseous  state  the  sanie  volume  aa  thp  solution.  Thus  flr, 
iheri^foi'e,   a  dissolvLvl   eubataiico  huhaves  as   n   gas,  and   iIj)  ostuot^ 
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ppirii'sil  [Mtenti.il  is  at  the  ]ireseiit  time  tlie  most  fniitfiil   method  of 
[detvrmiiiin}:  this  iiiiporUint  and  not  i-aailr  licceefiiliilt)  mftf^nit-ude. 

On  construe  ling  cells  i;oitt:iLniiig  Lht!  idiove  threu  nietuls  urni  iden  th« 
rr  puesilile  cells,  the  following  viihiesuftlie  {toteiitiaUnreolttaiiiixl;  — 


Silrer-copper 
SilT«r-caa<iiiuiu  . 
Cojjfipr-Pu  d  til  i  mil 


0'47  volt 


Oh  cymparing  these  vjiliies  with  the  fonnef,  it  is  fmind  that  the 
iiial  of  the  comliiniitioii  Rih-er-aiiit  is  e<[nal  to  the  sum  of  the 
itiuls  silver -copper  pljs  copper- zinc  or  silver -cadmiiiui  plus 
iiiRi-zinc,  etc.     Writing  ths  values 

mnr        =1-S7  vnlt 

CnilDiiuiii  ^O'Sn    ,, 
Ziiw  =0-uO  ,. 

tlint  the  potential  of  any  comlii nation  of  these  matjils  is  eqiial 
tolht'  liifTerenoe  of  the  tfur^Hpoiiding  numhers.  These  nunvliera  may 
lliH«rfurc  be  called  the  patfidints  of  the  sinijlt  metals,  in  which  c-asu, 
»nwji]y,  the  zero,  Zii  =  0,  has  btsen  arhitmrily  chosen.  This, 
fcowever.  haa  no  influence  on  the  result,  for  if  any  other  metal  is  put 
g^iuil  u>  zero,  uud  tlie  correspouJiug  vahies  (if  iLy  pntontial  nre 
alfuIatLMi  with  due  regard  to  the  &\ff\,  another  series  is  ohtained  which 
tihiii.itfi  tiie  same  clifferencaB  between  the  eeparate  members,  and  hiia 
tie  same  nivuning,  therefore,  as  thf  foinier  aeries. 

TUa    aeries   is   the   numerical    ex])re8sion    of  the   potential   series 

(H  043) :  it  is  tlie  exprossion  of  n,  fimdium^nta!  propurty  of  the  metals. 

The  uumWrs  depend  on  the  tempeiiitiires.,  but  ilieir  relative  [Kjsitions 

do  not  jn'wuly  change  within  llie  range  of  temperatures  investigated  , 

i»  regards  this  jinint,  liowever,  our  knowledge  is  ub  yet  rather  scanty. 

Tic  fuUuwiiig  lalijle  gives  a  more  coniidote  Het  of  jMjleiitiiils.      In 

tliis  viiAK  zine  has   nob  l)ecn  ttiken  &s  the  zero,  but  another  zero  has 

be«i  cIicfscH  which  gives  oxpressiou   to  the  actual  chttnge  of  the   free 

«nergy  in  the  pjisssige  ivoxii  the  meudlic  tn  the  i4)ni'C  sute.     We  c-iiriTiol 

txpUiQ    here   liirw    thia    zero   has   Lmu    derived,   and    this    iia    of    no 

iffiponanoe,  in  the  lii'st  insLance,  liince  we  jire  concerned  only  with  the 

diServncee,  ami  these  are  indepetid'eiit  of  the  zero. 


rirsilllll  — 

Ki|i'i'Hiim  — 

J''.'lrl-?illlU  — 

S»iliitiii 

Mof^eMara  -t  I  '2i  vnlt 

AltiRiiiiJiiiii    1  '0:(  ,, 

MHtJijaliBWi      D'glZ  ,, 

Zini-  O'r.l  ., 

I\iiliiilijiii        ft'lfi  „ 

Thulli-um       (I'll  ., 

Jn>n  O'OH  „ 

C«Wt         -(J'02  „ 

Nk'kd         -0'02  „ 


Tin 

Vo'l  -  O'lO  h,1l 

llj'(lr'u((eii  --OaS    ,. 
Aiiliiiii^Ky        — 
Bisniiitii 

Ai-Bffltiii'  ^ 

Ci>p]«r  -0  59  ,, 
Mi-nwy  -1M13  ,. 
Silver  -1-06  „ 
I'nlladiuni  -  1  07  „ 
riittiDuin        — 


^ 
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cvprrmn  nride.      On  ln-iiig  further  lieuWrl  in  the  air,  it  is  convertei 
black  cupric  'ixiile  ;  on  reraovinff  tliis  tilnck    oiatinjj,  howevpr. 
pieve  of  iixidis^d  copper,  it  is  faiimi   to  Ite   j^wnerally  red  wtrtom 
the  side  next  the  rai'tal,  i.f.  to  coneisl  of  uiippotis  oxideL 

Thu  riir-i-eH)mridir»g  r.uprimn  hijilna'dr.  ('iij(OH)„  ur  Cm 
obtjiiiiMl  HH  a  lij'Jok-r&(l  powtlGi-  hy  ihri  rlccompiiaition  nf 
cHlorido,  tu  \m  prusfiilly  mentioneH,  with  caubLIc  poUiah  ur  onk 

III   Miitiire  ciipnticn  oxiHe  occurs  ns  rt't  Mpfu-r   ore.   aiid  it  i 
hiiphly  valued  ore  on  inTiunt  of  its  rithiwiss  in   copper;  il  ran 
bo  rwriveriwl  inli>  nii'lalHc  wipi^r  hy  ii-iitir-tion  with  chiirvoal 

t'liproHs   oxide   is   also   forinod    a^  Xhv    |>rodiict    of    n-"!  i 
Frthlitig'ii  soliitiuii  H'illi  <;r;ip<^-8iigar  und  Kiiiiilar  B)il>!^tNiioe«  (p. '' 
i%n  bM  pre]<ared  in  tlii«  iray,     Lii  moist  nir  it  is  oxidijsistj  Uictiju.. 
or  u>  linsic  carbonats. 

On  Irealitij;  cupric  oxide  nr  liy d mxide  with  acida,  not  ihe 
apondiii^  ■cuprous,  Imt  Un?  cupric  sidls.  ;ire  j;en«r.illy  fnrmeii,  ani 
of  tlio  copper  iw  ilt'posiit-d  in  thf  rit'titllic  stattj  as  a  blackish- red  P"** 
U'ilh  siiipbiinc  iu-id,  foi'  i*xiimpl(>,  ihti  roiirtioti  tHk«>s  place  aomrf^l 
to  the  eijURiion  i'n„i)  +  H.,Sn^  =  Cii  +  CiiSO^  *  IlgO.  On  coiw<J«H| 
the  iona  tho  proL'e«fi  can  Iw  inter'pret4?d  »9  Uikiiij^  place  iii  siichtV 
thai  ciippoiiH  8iiJphJit«  is  first  fonnod,  tlie  motiocuprion  of  «l»* 
however,  immediate' ly  undergoes  tr%iiaforn)atifii]  jntn  dinipnim 
m<?l/illic  popper-  :*Cii"  -  Cii ' -^  Cn,  The  xoliilion  uonttiins  dw 
to  n  prepondcnitiug  c;xi«i«t,  bill  it  is  in  juxticdaricf  wiiii  the 
relatiofiB  to  n^amtiL'  tbiit  il  is  ii  vnan  oi  cbi'iuifal  c>|UJ)ibriuni 
the  two  ione  and  the  meutlic  copper,  in  which  a  liir^  conoeni 
of  dicuprion  is  oppoacul  by  a  very  slight  cnni-oiitration  of  ni*.n 

If  instead  of  siilphisric  acid  a  hid'>gcn  hyiinicKi,  thim>vNnic 
Botiie  other  scid  v\iw\\  ciin  form  a  very  difHcidtly  sohi>>te  cuproiu 
is  t:iken,  the  (tbovc  dee' imposition  does  not  lako  plan-,  nnd  thp 
tiv*^  eupcous  compounds  jire  formed.  This  as  oxphijuoH  bv  ih» 
that  monociiprion  is  present  only  in  (»  negligibly  smikll  anioutii  to 
toliiHon  prwliiced,  since,  of  course,  tho  salts  are  dirtieultly  ^ilnble 
decomposilion  of  morocnprioH  into  di<^iiprion  and  metal  win  thi 
take  place  only  to  an  inappreciubly  slight  extent. 

^A'2-   Oup'roas  Chloride  is  a  whito  salt,  only  Vvi-y  slighUy 
ill  water  .  it  can  l>c   obtjiincd  by  lioiliny  a  solution  nt  oniirir  cl 
in  sirjihg  hydrochloric  acid  with  copper  i>owder.      Thtr  ix>lour  »t 
darkens,   but  i\  yellowisli   liiiuid   is  licially  obUiiiied.  whii'h  on 
poured  into  ranch  W4uer  deposits  a  snow-whit^  precipitate  of  cu 
chloride.     This  must  be  wa-sbetl  as  far  as  poasible  with  exclusion  (if! 
as  it  otherwise  rapidly  pasaei^  into  oupric  oxy-chlnricie  {p.  640). 

This  reaction  is  the  reverse  of  the  one  given  befure  ;  wheivu  iB' 
previous  case  monnuuprion  decominsacs  into  dicuprion  nod  iD' 
eopper,  we  have  in  this  case  the  reverse  transforniiitioD  of  cupris 
with   metnllie  eopper  into  cuprous  salt.     The    reason   is  that  ia 
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loric  acid  ?ololit)ii  moiiDciiprion  ie  present  oiJy  in  \erv  slight 

,  and  fiirtliur,  the  invc  tlml  ciiptous  ^lilurido,  whicL   is  alnioHt 

l«W«  in  wnTer.  disguKiis  in  hyiirocbloiii:  ftt-td,  ps-ovM  that,  in  thi» 

the  (.■hloKdt?  is  wiher  dissolved  as  such  (wilhoiU  riisBoci jit iaii ),  or 

,1  a  I'limprtiiiiil  r<S  the  tvrn  corjsliliietils,  a  hydroehlui-tteiipric  iicirl,  has 

I  formed.      No  iinestigatioii  hjis  jis  yet  been  carried  out  as  M  hnw 

ihc  01111  «»r  itie  other  iios^sihility  predom inutPs. 

Ill  iktntiioriiiu  u].'^  i-uprniis  ctiluride  diii»;o1ves  Ui  u  coloiirli^ss  li'jiiid, 
which  (;u|)r(iaiuinoni(jn,  L'u[NH.,y,  ia  oontaincd.     The   chloride  of 
ion,  CiiXHjCl.  can  he  obtained  in  culoiirlcBs.  regular  L-rystals  Vty 
a  enltitinn   of  jinmiotiiiim    ehluriilo   with   copfjep   powdt^r  nnd 
itig  tlie  li(.|iiiii  pRMliifod  lij  to'tl  sh>M.-ly,     The  aijuoous  soliiUwii 
iTBi«  iLlninijl  iiiiineilisiti.'ly  IiIuli  in  the  mr,  uxygcn  licing  iiliHnr)>ed. 
IVtth  suliiriotis  (if  eu]irtms  (-hlt>neiK;,  thi'  ai'»l  as  well  «s  the  «muii)ui- 
.  ftluiiriii  a  eonsideniMe  unimiTii  of  '■urijiyii   nmii'ij-iili:     This  appenr3 
In;  ralLiT  firmly  (joiirid,   but  can   lie  removed  fi^oni  the   [i(|v]id  l>y 
itifiitcd  pumping.      We  sire  dealing  in  this  cnsB  with  the  formation 
It  i't>m|)|c\  catinii.  similaj-  lo  the  rnrnplvx  ion  prwJiiced  fn>ni  dilerrion 
rritric  uxidi-  (ji.  ."if^Hj,  whii'h,   likt!   Lhi«,   is  not  very   stulile,  and 
ite  An  «irjirt;i"iii!ile  dissociation  pressure.     The  reaction  is  iise<l 
d<?te'rmi nation  of  ejirhon  monoxide   in   gaseous  mijctiiies,  Itut 
W»t,  fur  lln;  THiisoas  jtist  mentioned,  be  enaployed  with  some  care. 

'I'lX  Cuprous  Bromide,  CuBr,  is  vt'ry  similar  to  eiipniiu 
dilnride. 

'i44-  CaprouA  Iodide  is  fornitid  along  with  free  iodine,  whan 
liaiprion  nnd  iodidiun  L-ome  tojjiether  in  solution,  .iiccording  u.>  iho 
i^ittlion  :;('n"  -  4l'  =  iCiiI  +  I^.  In  this  proeess  we  can  regard  ihe 
Dcnprion  as  losing  a  positive  chai-gc,  and  thereliy  neutralising  the 
Kgalivu  charge'  of  onu  imliilidn.  The  monocuprion  prodiiued  at  once 
Wins  solid  cuprons  iodide,  with  a  second  <|iiiiittity  of  iodidion,  *ind 
^•ntaa  out.  If  u  re^ineing  agent  is  added  at  the  cnmmeneemenl. 
"fclttby  tin?  diciiprion  can  He  colivertc<l  to  muaocisptrioii.  ciiproua 
kfilo  Klonc  withont  free  iorliiie  is  depiwited.  This  is  effected,  for 
RampU,  by  sulphurous  acid  or  an  acid  solution  of  fei'jx^iii^  smlphute. 

Since  the  cuprous  iotlide  is  solnhle  only  loan  exeeedinply  slight 
Rtnt,  (Vein  v&ry  small  rpia.[itiliba  of  iotjine  mn  in  this  vhy  be  ee^iB- 
hteil  from  a  solution,  and  the  method  is  employetl  enniniercially  for 
Wwiiiin^  iodine  (rom  the  mothtr  li'iiuirs  containing  iodidion  along 
*itii  comparatively  large  ijiiantities  of  other  halogiTis. 

I'npions  iodi.Ie  is  a  ri-ddish-w'hitc,  haivy  fX'wder  which  yields 
il'ric  oiide  unci  iodine  by  distillation  with  pyitdiisice,  sunl  polaesiuui 
Mv  and  enprons  oxide  by  iMfJing  villi  <:aiis.tic  potash.  It  diseotvea 
UDiiioriia  RJmilarly  to  cuproHs  chloride. 

'  Tile  inwraetion  between  io'lidtonand  lUcnprinn,  desrrihod  above, 
not  oeciir  instantaneously,  but  with  it  ineasuL-iiblu  velocity  which 
ines  very  amaU  with  increasing  dilution.     Thus  very  diliita  solutions 


On  Ixhig  raxCiJ  in  iW  air  it  m  omnttad. 
emit  aaid  atffKt . 

Dienpnoo  hgfciTM  towudi  enaadni  is  tW 
If  tbe  lw» 
■  cwihwl,  sad  «§!■«■  ejmMiAe  m  Japwilil  ■■ 
STo"  ►  4C\'  =  TINiCX  *  (CN^.     Tfci*  m   • 
obtAtnitw  rranti^n  gn.     lo  onlcr  to  hare  s 
it  M  mlj'  HBfuMiry  to  besi  Ufinlker  ettnivaieat   rajntinwi  rfl 
■tlpfnto  sad  potMshm  erxAtde. 

SI".  Complex  Copper  Compooiids.— We  ture  alr^ji 
nC  the  fnrtnaUMi  ot  a  conptes  compouod  ttf  dienpoon  «Bd 
v^tcb  ia  cbanctcriwd  hj  tkt  pnido^iaa  nl  a  dark  Uoe 
tile  mixf^i  i>olntioD,     In  ttiis  tb»  new  ki<rt  Ci](NH^,"  jc 
Milt«  of  wh^h  at*!  obtained  b^  vJ-Utig  excels  of  ammoaia  to  i 
Cifinn  nf  thf  reit|)ecuv(*  coj^per  salts. 

(H  thews  bdJu  the  Vfot  kno*rn  a  the  eatplMt«,  Ca(NH,V,SO. 
b  eamlr  (drUtined  W  ndding  ammotm  to  a  cunceiitnited  eula 
cC'Pfcr  nulphatc  until  the  sfiiutioD  baa  again  Iteoome  qtute 
thffii   ptjuriiit;  a   laver  of  lilcobol  on  the  top.     Thn  salt  u 
Hlj^htly  ftfttuWe  ill  alcohol,  and  is  iJepofiit*d  in  well-formed. 
cryAtJiU  At  thp  alcirhol  iilowly  diJFitses  into  the  uiiderlring  Ijipiid 
tho  B»me  way  various  other  9*lla  i-.f  the  aamo   iun  can  he  oMa 
Srjilutiurii  of  these  »alte  nro  iisciJ  in  comliatiiig  certain  parasites  fl 
on  rin««."  •*  ■ 

Coii|jer  fiirms  iither  complex   compounds  of  a,   similar 
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J,   wxo*™  of  all(Jili  to  ciipHc  salts  in  pruBt-nca  iif  pprtitiii  orgajiie 

"titiflfl,  (.f/.  Bii^ir  or  Ijirtitrif  a-vUl.      In  tliis  tvino  iil«o  ji  (lurk  lilue 

<  >rriiliic<Nl  f  I'liiti  which  .1  B.'ill  f<i  tlie  sn.iiiu  nilnitr  c;in  U'  oUuineil. 

.     .   ..  .^itu  ucida  conUkiniiig  crippor  me  pro^ojil,  tlic  compoi^itioii  of 

'till  ij(>p(fi]d8  on  thai  uf   tho  siiIjstniR'e   ptJipkiycd,   anJ  cuiiiKit  be 

-    '  licrc.     Ill  ^etierJil   th«   (ir<>[jerty  of  fiiciniop;  aucL  foiniK'Uiidss 

m    the  same    orfiiiiLiL-   liyiJrnxvl    n>Tupcjiiii<l;i   as   liimler   ilie 

:i-ii  c»f  fei'rir  rixide  hv  tmsus  (p.  5y2), 

M  !i  coiiuMjiiniie  the  bo^^t  liiiowii  i«  l-'ekliiiff's  golaiu)ii,  wliich  is 

'.Diii'.l  *»j'  jtiliiin^j  lart'irie  -ifti)  and  exfoae  of  cauatio  potash  U>  it  golii- 

'.  ■!  uf  cftppor  sulpliiito.      It  is  a,  d;irk  l«ltip  lii[ni(l,  which  is  chaiif^ed  by 

■n-  reducing  iij^ent«  in  such  a  mnnror  that  it  divpnsils  n  proeipitikte 

■1  ciipnjiis  iixidn  (p.  tiSO).      Ii  can  ,sei-vi;,  ihi-j'cfuru,  (or  tla*d(.'I.ecl.ioii 

.ii-h  siiltstance*,  Jiml  it  is  imoJ  fur  this  jiiii'pust)  in  Jirwlysis,  I'-y.  ]nr 

Mr-  .ii-tL-eliiin  of  f:raj«.'-sH^;ir  in  urine, 

in  tliB  i!iiproiH  series  amiii'  <;i)nipii!x  copper  iMimpoiiinda  have  been 
iiii-tdy  mciition<.-cl.  ll  han  i^till  lu  be  rL-niiuked  thai  citpruiia  rvitnide 
I  ---ilvm  iti  potasduin  cyanidi!  to  torni  ;i  eolijrLrlci^  liipiirl,  from  whit^h 
vv  (xnDpleix  salt  KCii^CN)^,  the  potnaaiutn  sjill  nt  riipmcyanidjon,  ia 
'/iiUitiMi,  ThiM  3()liitin]i  is  vary  stubJtf,  and  L-niitaiii!<  exci'e^ljit^lv  liulc 
iiijirion,  M)  tli.tt  hII  solid  copper  compoimde,  even  c<jp|icr  Kidpluile, 
diwilvi;  in  pota.'isiiini  cyanide  with  ffjrm;Lii«n  uf  this-  complex  siilL 
AijviuilM^e  ia  mIsi>  tjiki<ii  uf  line  behrivimir  in  ^inalyMiB, 

CojijitT  a-Ibu  forms  a  numbci'of  cnniplex  cdnijioianils  ipi  which  sulphur 
pkt*i  a  |wrt,  and  whJvK  are  derived  fn>m  sulphunjus  Jiiid  tliiii^iulphuni^ 
uuU.     Thit:  rvf^roriL-G  to  thotr  exi^tenco  tniist.  suffice  here. 

*i4*,  HetallUtg^  of  Copper  ^On  awount  of  thi3  lar^e  con- 
■impcion  iif  I'dpjtLT  ifL  tb*  .li-i.-;,  its  manufai-Miiv  from  t.hia  naturally 
WCiirrinj;  irrcs  is  an  iinjM>rt.'iiit  indiiatrj-.  8o  long  ns  wo  are  dealing 
with  oxygen  mes,  red  L'opper  or<!,  or  th«  basic  carbonates,  reduction 
*ilb  charcoal,  wliicli  taUcH  place  v«rj  readily,  la  nil  that  le  ntKeasary. 
ras0  of  tht'  siilpli itrous  nrt^i*,  the  most  important  of  which  rtre 
pyrites  and  CiinrVy'iM^  o'l/jnr  ere,  the  task  ia  mort'  comjiliculLil. 
ll  Irn^se  on'-s  arp  compounds  uf  copper  sulphide  mth  iroo  sulphidii, 
«fu!  ihc  prepftnttioii  <.<f  [lurii  copper  re<|Hii'ee  iit  the  stmio  timi:  tho 
•limtnatiiin  of  smljdnir  and  iron.  This  ia  I'enderHl  more  ditbcnit  l)y 
lb  fact  that  thu  sulphur  combines  tuuch  luoi^  firmly  vith  copper 
iluiii  with  iron,  so  that  it  can  to  removwl  only  with  difficulty.  On 
*«ing  >i]hje«UMl  to  an  osidiaiiig  procosa  of  rciaatiujt;,  fei-roaofei-i-iL-  axid« 
■  rhicdy  fonucd  atonp;  with  cuprous  sulphide,  and  by  fusing  this 
'^■ith  tho  addition  of  sili^^cous  «uliat.ini;es,  a  slag  consietiiig 
< .  of  inm  sllioat^  and  a  mixture  or  an  ulli>y  of  copper  and 
rapfFiB  siilphidi'  is  obuiinud  by  rqwatiug  the  ofvemtion.  When  th« 
"Ouniiit  of  sulphur  h»»  bccomti  BiifJiciently  smiill,  the  crude  copper 
fliiwli  cJoji{i»r}  i«  vast  into  |ilatfs  and  RubiL'cI.t'd  to  clucuwlyais.  in  an 
■"'daoJu.tion  of  copper  sulphate,  with  a  pieco  of  Gop}>or-foil  ua  cathodv. 
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III  this  way  pure  copper  is  obtained,  and  the  copper  sulphide,  whiA 
along  with  the  other  impurities  forms  the  anode  mud,  ie  again  fused 
along  with  other  portions  of  the  ore. 

The  development  of  the  method  of  electrolytic  deposition  hu 
further  led  to  the  exti-action  of  the  copper  ores  in  the  wet  way,  tlw 
metal  being  separated  electrolytically  from  the  solutions  of  copper  ait 
obtained.  For  this  purpose  ferric  salts  are  mostly  used,  which  dissoln 
the  cuprous  sulphide  with  formation  of  cuprous  salt,  themselves  being 
reduced  to  ferrous  salts,  and  sulphur  being  deposited. 

On  re-fusing  the  copper  cuprous  oxide  is  formed,  which  dissolve 
in  the  liquid  metal,  but  on  cooling  again  separates  out  and  renders  it 
brittle.  For  this  reason  the  copper  directly  before  being  cast  must  be 
subjected  to  a  reducing  treatment  (stirring  with  a  pole  of  wet  wood). 
If  the  reduction  is  carried  too  far  the  tenacity  of  the  copper  is  impaim^ 
piesumably  through  the  conversion  of  traces  of  other  metallic  oxidei 
into  the  metallic  state.  This  last  operation  must,  therefore  be  per 
formed  with  care  and  frequent  sampling. 
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BDer&L^ — Lniil  is  iillicd  tu-siruiiLiiirii  nrnl  liiitiiiiii  in  likt-  manner 
lane  atifl  OHilniium  are  aUictl  to  niagrifiiiiitn.     -(.'iili'iiim,  wlii.h  cxIiiMta 


IntKKis  iif  i-«>inMr|ihistii  in  Itijth  iJir<.-(.'tioiii3,  tttsiiih  in  Lhi-  miti 
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^  ■■ihi'f  liHRf  I,  IwkI  is  iltsi'idedly  »  heavy  hkiUiI,  und  forma  Jin  inwoliiUlt', 
krk-coloureii  sulphur  t'linipounil. 

In  nature  lead  is  fairly  «i»iyly  distrilniti^J.  lie  miwt  iniporlH-iit 
iLliintlly  ncoiiri'ing  ore  is  len/'l  nfiiphitie,  from  which  hy  far  the  largest 
«i()iiFit  of  iho  inet.ll  isj  rihtiiiiu'd.  T3ie  ciirlionate  jind  the  suljihiuc. 
tWIi  MT<?  isuini.rrphoiis  wilL  die  t'orrea ponding'  ^ulti^  vf  strirntiiini  unit 
Uriiiiij,  lire  )il^i  fuiULtl. 

MfiaJlir  Irnii  \i&s  been  known  fro-m  oldcii  times,  as  it  ciiri  lie  rertdily 
buined  from  its  oreB.  Ita  many  a])|ilii.HtioEiB  depend,  on  the  one 
kuil,  oil  its  low  melting  point,  ItSO  ,  tind  it«  j^eat  densiity,  1 1  4,  and, 
n  ihif  otliiT  bund,  on  ita  sfiftness  ami  funHeqin?nt  pljiaticity,  Tht;  last 
h^ftrly  renders  it  possible,  especiiilly  (il  ib  Bonii^what  highei'  tenipera- 
Br*.  In  fomi  lead  liy  prensiire  like  !i  jijjistie  mitss,  and  in  this  WJiy  to 
fridiiiT  wire,  tuhinji,  n-nd  such  like. 

Ill  mriisl  (lir  lead  oxidises  very  rapidly,  but.  tuily  sii fierficially,  *;« 
!bal  (»n  the  whole  it  is  fnirly  rcsietant.  It  e^hould  be  niin tinned  hero 
|l  resi3t«  the  action  of  perfcL-tly  piiro  wjuer  much  less  than  that 
inftry  spring  or  river  water.     This  iu  due  to  the  fiict  that  in  Lhe 

ler  case,  under  the  joint  action  of  wntor  and  almoBphuric  uxygBii, 
^f>A  hydroxide  is  protluced,  which  is  slightly  srtlublo  in  water,  and, 
ftfirtfnrfl  rifies  not  protect  the  leikd.  In  impure  water,  which  contJiinK 
'^'phanion  iind  CArbAiiion,  the  *:orrespondiiig  lead  sailti  arL-  fortued, 
*liirh  have  lui  extremely  small  solubility,  and  form  a  firmly  adhering 
■ycr  on  the  Iciul.  Thiifi  leiuj  [>ij>es  t»n  be  quite  well  used  for  the 
Wiiuiry  watei'-Hiip)ily.  lint  not  for  distillwl  water. 

Thi^  combiniiig  weight  of  load  has  l>eea  del^mnined  by  the  ccmver- 
vn  of  the  mi'tJil  into  the  oxide,  iind  nVf  m.«'.     It  hns  been  found  to 

65('.  PlumbioiL — Lead   fomis  only  one  divident  ulemetiiary  ion, 
_be«ides  this  several  eonUtining  oxygen,  und  also  coniple^x  ioiiA, 

as6 
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Plumliiun^  Pb ",  is  colourless,  «1id  in  its  OoBipoiiiida  reaeniblf 
ill  iiijuiy  respacLs.  tt  is  a  in^worful  [iDisrui  for  lii^lier  or^nJsmi,  u4 
thmuj^h  iiccumuUtiun  is  verj'  harmful  when  reptrtLo'lly  uktn  inU-  thi 
svatem  even  in  sniitll  doses.  For  this  rGasou  workmi'ii  who  Iwvp  u 
wurk  fvith  lead  arc  coiistantl'r  expoat>ii  to  ttiu  paisoriviu  itction,  sad 
great,  attention  and  c  1^:9  ill  in  ess  »re  ivi]iiirc<l  In  oi-der  Co  rosiat  llril 
d&iigor. 

Tlie  Ilea.!,  of  fnrmaUon  tif  pliiniliion  from  the  metal  18+2  hj. 

Co rrea ponding  to  its  poBition  in  the  pHjicntinl  seriea,  lead  lii 
special  teiidontv  to  puss  iiilo  thi?  ionic  ^tatf,  Frae  ucliis  arc 
appiei^tiilily  deL'i'Eii|ioacii  Ky  It-ad,  «n  that  oxidi^iing  ageiit^  iuu»l  Ss 
empkjywi  in  order  to  dissuiro  it.  Tlie  Itest  solvent  for  iiielallic  ieul 
is  nitric  iicid.  whicli  forms  one  of  the  few  readily  Roluhle  loiul  mIu, 
most  of  llic  lead  salts  ln;irig  difficidtly  soluble. 

From  Lilt!  solutions  of  the  salts,  Imiios  pve  a  whiU\  floc-^nloiit  jim 
cijiiuitc  (if  li-'i/l  liytlrKxide.,  l'li(OH);,,  wliicli  iIuph  not  dissoive  in  rxcpw  irf 
.■innnniiiii,  Imt  \&  salnlile  in  o.vi'uss  of  alkftli.  'J'lif  r<>iis>>n  is  tin-  Mmf 
im  in  tlii^  u.tSD  of  idiimioii,  ivhicti  liuhavea  in  ii  aiiniliii'  tnanner.  Af 
splitting  off  hydrion,  lend  hydriixiiU^  cJiti  form  Anions  of  the  ronpasitiaS' 
Pli()j"  and  HPbU„',  tht-  iilkidi  sultj<  of  whtcli  are  soliibk  in  watOT. 

l-ea<J  hydi'ii-vidt'  ia  slightly  soluble  in  water.  It  ia  reiidily 
when  lewd,  water,  Jind  atnioHpliciU'  oxytreii  cnme  loj;;etlier.  Stniri 
to  8iiy,  in  this  ox id.ii tiiin,  ae  in  nismy  fithi'rs  which  ocnir  wii.h  In* 
oxygun  ill  prertcnce  of  watui',  livdnififii  pcroxidu  ifi  formed  aX.  tliD  stme 
tinR".  MeiisurcnR-nta  hnve  slmwii  tliiLt  the  amount  of  peroxide  oifi* 
Bpomls  to  th/it  of  the  li^iid  hydruxido,  so  that  the  rcacUou  hiutAfae_ 
written  hb  follow)*: — 

Ph  +  2H,0  -y  Oi  =  Pl>(OH)j  +  H^Oj. 

*  It  le  probnljli!  thai  t!ie  first  product  uf  tbn  rmctiun  i^  at  liit^ 
aubetiince,  perhaps  a  ocvnipoiiiiil  Pb(l.lH)^,  whiob  decumjiuee^  intt 
Ph{0H)2,  and  WSh-  This  rfljiction  wtnihl  thfMi  Iw  atiolher  ewimpJf 
of  the  fiLct  that  the  uiisUiljlo  eoinpuiindti  tkru  UAiiallv  fnnnnd  liofnri'llu 
ataljje.  This  view,  however,  is  rendered  somewhat  donlitfnl  \\\  Iht 
properties  of  the  anhydride  of  ihi;  assumed  compound  Pli((Jll)^,  vii 
leiuj  peroxide  F'hO.,,  whirl)  is  a  well-known  stable  milistiincc. 

"  The  formation  of  hrdmgon  peroxide,  or  of  other  ttiinjJOHnili 
belonging  to  the  peroxide  type,  lioa  been  provtMl  in  the  cixag  of  outnT 
oxidfttions  by  fri^e  oxvf^en,  so  thut  it  rijipejira  to  Iw  the  rule.  Th( 
peroxide.  cerlJiinly,  generally  dei^onijfosea  bo  rapidly  with  t'VoUilinn  "i 
free  oxygen  that  its  wliole  amnniit  e;iii  never  lie  di>teruiine<i.  nml  wb 
very  sli§;ht  tmcos  ait,-  found  if  special  prec/iulioiie  are  not  otiatrvci 
The  liitional  itite!prel:itioii  of  these  long  nifglwted  but  Very  gt'iit^ral 
plienomenik  is  jiiven  I'V  the  Uw  above-nu'ntiuued  of  ibe  occurttfuc 
the  njiHtJibic  fonns  togn-thpr  with  "coupling"  (p.  206), 

Lejid  hydniside  loses  water  very  reiidily  wid  jumm  iDt 


CO  DB 

4 


XX  ill 


LEAD 


6BT 


w 


eDuw  cnlotired  \e.ic]  ox'ule,  PbO.  The  same  conipourid  is  olttairivit  rrt 
■y  flesdml  iimrtiuit  W  heating  leait  u>  itbove  ka  melMiig  pnint  in  the 
ir  ;  ii  ili«  t«!mpeniHire  is  rulscii  ivbove  its  melting  jMiirit.  it  forms 
I'iigh  jrellnw,  lustrous  ao-alcs,  Jind  in  orcliimry  life  is  oalk'd  lillvtrye. 
i  hmkI  for  muny  purposes  in  the  firta,  e.^.  in  the  manufacturu  of 
jj-w,  for  the  preparation  of  varnish,  in  dyaing,  oM, 

fiS  I .  Lead  Chloride,  PWl'l.,.  is  slightly  soluble  in  cnid  water,  more 
•oluhle  in  Lot,  and  eryMUlUses  in  imhyilrous  ntiedloB.  It  unites  with 
ImiI  uKidn  lo  form  basic  sa]tii.  ivbich  aro  oliUiinoih  by  heating  amtiioiiiniu 
chlDridtf  with  litharge;  they  are  of  u.  pfilc  yellow  colour,  and  aro  used 
•i  a  pigment  luider  the  name  NifpU.i  yellutir. 
I      Liwi  brontiiU  i»  similar  to  the  chloride,  only  still  less  soluble. 

//•■■W  pyl'tflt,  Pblj,  36  still  more  ditliciJtly  soluble.      It  cryBtalliBes 
friti:i  LoL  witur;ii«d  soliitionfi  in  luminse  of  a  gold  lustre  ;   precipiUitcd 
l^'tii  Lt  dissolved   lead  salt  in   the   cold    by  means  of  an  iuditle,  it  is 
■:-'   iim-d  aa  a  yellow  powder.      It  uiidorgops  slight  do  com  position  in 
L:lii,  io  tlial  ft  mixture  of   lead   imlide  und  etarcli  when  o.T)Kie«d   to 
emligiit  rapidly  becomes  dark  through  formfiiion  of  starch  iodide.     It 
with  potasaium   iodide   to  form,  a  double  salt,  which  id  stable 
iljr  in  contact  with  solutions  which  contain  a  large  excees  of  potascium 
ifide ;  it  is  «lec->miK>iM)d  by  pure  wiiU-i  w-nth  separation  of  loiwl  iodides 
(i'l-.   Le&d  Nitrate,  r'''(^'*^a)j>  "^rysLallises  anhydrous  in  iomia  of 
regiiliir  systom,  and  is  iioniorphous  with  bitrium  iiitrnte.     It  is 
jlj-  obtaiiKid  Iiy  diesnU-int^  load  or  lead  oxide  in  dilute  nitric  acid  ; 
concentrated  aoitl  it  ie  precipitated  from  ita  solutions,  owing  to  the 
of  the  t.'oiiUL-ntnuion  of  nitranion.     Strong  nitric  acid  is  there- 
to i>liu<>st  without  action  on  tlie  metAl,  ]>ecAU»e  t1t«  nitr&te  produced 
nu6  a  pri'tei'tiny  layer. 
On  hieing  heated,  lead  nitrate  decm|K)ses  into  lead  oxide,  oxygen, 
I  luLrogen  peroxide:    2Pb(\0j)j  =  2PbO -t- tNO^  +  Oj.      This  be- 
irioiw    is   miwie   lUe   of   for   the   preparation   of   nitrogen  peroxide 
329). 

663.  Lead  Sulphate,  PbSQ,j  ift  a  white  salt  extremety  difficultly 
Inble  in  water,  anfl  iu  always  formed  when  pliunbion  and  mlphauiou 
le  tof^etUer  in  solution.  It  is  very  Bimilar  to  barium  ndphate,  but 
rrawTili  pf  it«  greater  ilenaity  it  la  deposited  more  r^plitlr  than  it 
•olqtionB,  It  is  readily  soluble  in  a  solution  of  ammonium 
rtnie  conbtining  excew  of  ammonia,  and  is  thereby  easily  tlift- 
Bf^bed  from  harium  flulphaie.  This  solubility  depends  on  the 
nnation  of  a  complex  salt,  th^  leail  uuiling  with  the  anion  of  tArtaric 
iA  to  form  a  complex  compound  Thin,  again,  is  another  case  of  the 
muion  of  oi^nic  hydroxyl  compounds  ^ontainin^  metalK,  which  haa 
Feral  limes  mentioned  (pp.  5S1  and  6J3).  Since  pUimbion  is 
>im  from  tbu  solution  through  tti«  formation  of  Lbjft  coin[ilei^ 
sulphnto  must  puss  into  solution  in  order  to  corer  the  loi^  uwl 
on  either  until  all   the  lead   s^pbate  i*  difiaolvcd,  or  until 
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ponents  of  M>0  Mociaa  anl  tke  aoBd  alt. 

"V*****  **  *■■■  •*»«.     Tlio  Mlt  abo  occtns  ■«  «.  ;».-__k.J 

To  th« ;»**«^«»«^Vo«  led  «jpfc««  i« 4„^  ^j,^  ^  ^ 

for  Imicg  the  n«*.on  cbunben  «d  MOe«t«ting  pi«,  ««4  i, 

th*  metal  very  rapidly  bewm^  «>T««i  „u.  .    firm  kTwrfnhi 
which  protect*  tbe  underlying  metal  '  ^ 

Le»d  snlphate  «  .ppceckbljr  «»„««  in  cceirenti,:«i  nU 
Md.  ^«d  «qH*  .ulphunc  .■«.d  ilmort  alway,  contain.  «  Urfti 
<rf  lead.  uTiether  lhi»  is  dae  to  the  formatiua  of  acid  nU 
PblMSO,)p  or  whether  suipburie  «*J  ia  «  fioltenl  fur  lead  sulZI 
audi,  has  not  yet  been  decided.  On  dilntuig  wjij,  ,0^,^  ^% 
falphat«  is  agwn  precipitaWil,  siooe,  otrin^  to  tbe  iovmiim  S 
phanioii,  it  U   still  less  soluble  in  dilute  8aI|iiittrH:  acid   tbui  n  i 

•  This  bchariour,  ttz.  that  tte  s-:)liil)ilitr  of  a  aalt  io  ntera|| 
diminished   and    then   increased   l>y  the  :aildition  of  its  acM  H  Hj 
geiicniL     The  dimiuution  is  a  regular  pllMKnaenon  •   it   i«  dtta,mi 
jiist  t>een  Baidi,  Io  ih«  pn*s#Dee  of  the  atiioa  by  i4aw»n  of  wU* 
solubility  prodnct  ia  reached  oveii  at  a  mucli  smttll^j.  coacetttiij 
the  cation  (by  which  the  solubility  of  the  salt  is  here  DHwuradl 
frequently  occurring  increase  of  the   eoliihilitr   jn  verv  com^ 
acid  has  generally  its  cause  in  the  formation  of  «  n«v  8ulnUt 
pound  between  acid  nnd  salt. 

On  account,  of  in  difliciilt  soliiliilily,  lead  «ulplutie  n  nsHj  fir 
aeparati'un  of  plumbion  from  its  aolutiiins  in  qtialiutire  and  •] 
tive  analyais.  In  order  that  nothing  may  be  lost  in  the  wwiif* 
sulphate  is  first  washed  with  dilulf  stdphuric  acid,  and  tLit  it  \ 
displaced  by  alcoLol,  in  whicli  the  siilphal*  is  muth  Irsa  &.-.lubIr  t3» 
wat^r- 

654.  Lead  Chromate.— On  miring  solutjons  «.iit^niM 
manion  and  pluiul.ioti,  a  yellow  precipitate  of  kud  thrmtuiU  \s  pn 
which  is  very  dilficultly  soluble  in  water,  and  whlch^  on  accocuttf 
Btrong  colour,  is  used  a&  a  pigmeM  under  ihts  naaif  rh 
When  mixed  witli  Prussian  lilue,  chrome  vellow-  yives  it  fine  fli 
colour  calle<l  "yr^^i  rinnitL.i,r  Baaie  leiid  chromate  lus  a  r<dlf«i 
red  to  ttirminc-red  colour,  and  is  also  used  as  a  pigment  nmir 
miiue  ehroiitf  tframte  and  chranu  red. 

The  same  prccipitjite  of  normal  lead  chromate  is  also  ublaiMd 
uaing  a  &uluttun  of  a  tiicJiyomatt  as  the  iirLieipitant  :  livdrion  if  lite 
prinUiced,  and  the  sohiLion  reacts  acid.  The  details  o(  this  ynum 
oxaully  the  same  as  ia  the  case  of  the  precipitaiioa  of  buinni 
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iT^i  ')i(!hroiiiRt«9  (|i.  617>.  If  the  anion  of  the  lead  salt  is  thnt  of  a 
_  BciJ,  the  procipitjition  under  tLeae  condiLioas  reninitis  iiKtuit- 
-inwL*  the  hydrioii  fonuetl  reduces  the  conraiitnitioii  of  the 
uiiuri  iitivi  iiicrcuscs  thiit,  oF  tliciirunuitiioEi  to  such  mt  extent  th^it 
liibility  jirotluct  of  lemi  ehiriitinte  is  no  Itiii^tsr  reached.  If, 
'  r,  lb«  lead  adit  of  a  iveak  iicid  ia  employed,  f.;j.  lead  aceUite, 
iiiition  is  praclicnlly  complete.  li«ca,usQ  thu  hydrioii  produced  ie 
most  part  converted  into  uiidis-soctattxl  acelii;  Mcid. 
id  chriHiiatje  dissolves  in  atrnng  liases  with  formiiLion  ot  »  yellow 
Sirii;!:  chn>m:iniuti  ia  i:i>rituiiieti  in  thia,  the  pluuiliion  must 
■  ■  .dso  ilisjippcJirc-d.  -.16  otht^rwise  8»littion  ivould  be  imjKiss.ihJe.  As 
:i;.itttT  of  (aut,  tbi!  titticjii,  Ph",  is  converted  into  the  anion  IMfO„" 
(l.'irt)  under  the  influence  of  the  large  ajnomit  of  hj^droxidion 
f,-.  -  .It :   Pb"  -r  ■40H'  =  Pl.O„"  +  2H5O. 

"  This  Iwhawur  is  evidently  a  genciitl  one;  all  hydroxidtis  which, 
Bte  lead  by-iroiide,  possess  Ijoth  Imsic  and  ftcid  prci|>ei'ti«s,  nnut 
nbiliii  the  sjiiue  reaction,  i.e.  the  ditticidtly  soliilile  lUika  which  they 
j.in.  wiih  iiiiy  iicids  nj'G  dissolved  hy  alkalis.  This  ia,  as  &  tnatl4;r  of 
u  :.  ihv  CASH  ;  ihiiit,  the  ditEicultly  soluble  salts  of  alumina,  anch  as  the 
Bt^»|ihttU-,  diesolvfl  i-eailily  in  a  aolution  of  tau^tic  jMitasb. 

B«sii)fs  lietng  iisod  us  a  dye,  lead  ehriimate  is  also  employed  in  the 
boiutorv,  similarly  to  oip|>er  oxltlc,  as  an  oxidisiug  agent  in  th$ 
'iiury  (irwly^is  of  nrjianic  hwI etiincea. 
fi55.  Lead  Acetate,  l'l.(rj)^Hj)  ;iH /.),  or  mj"r  nf  le<vi  (ao  called 
Dm  iu  BiVL'et  rail.e),  \»,  nf  all  the  leiid  siilte,  llie  out;  most  used  in  the 
la,  uiice  it  is  readily  s-jlulile,  and  therefore  ailowa  of  the  employ- 
\  of  |iliuiiliioii  wheie  neccssaty.  It  is.  obtained  by  the  Hctiun 
cniiJe  iicctic  octd  orr  lead  axitie,  the  sjdt  l>i:ing  purified  hy 
ystulliKtl  ion. 
Lijui  ac*-tat<i  IB  very  i-eadily  soluble  in  water;  iu  solutions  are 
mlly  sliyhlly  Hiiliiil  owiiip  to  the  pii'srnce  of  a  white  piocijiitate, 
^3i  latter  consists  of  Icjul  cjirbouate,  which  is  formed  hy  ihs  action  of 
I  rarthinic  acid  in  the  air  on  thu  suJt;  this  action  ia  facilitated  hy 
'  Tolatility  of  acclic  add. 

*  If  okrljon  dioxide  \^  pissi^il  into  a  solution  of  lead  arotat«,  lead 
horuite  is  immwliatoly  dt-pusited  as  a  white,  eryatdline  pi-ecipitate, 
ic  riMCtion  i.s.  hnwovcr,  not  cuinpkte,  and  an  equilibnum  is   finally 

ilurwl  in  the  B^mlnlion  hetMecn  the  remaining  plunibion,  acptjiin'on, 
rtauiion,  bydlriuu,  and  tliu  niidia^cjciiited  suhatAact-s  produi-^  from 
ioiia  No  carlxjuate  ia  pieeipiuiwl  by  carbon  dinxiile  from  the 
id  ealu  oi  strong  acidti,  ''■.'j.  lead  nitrate,  nor  from  the  acetate  if 
ISci«nt  ac€lic  acid  has  Wai\  ixldcd  at  the  couimencenient. 

*  Tho  rrliitiona  ohttunui^  hfif  are  fairly  siniihiT  tu  rhofio  found  in 
procipiuilioii  of  \.\w  /.ine  salts  l-y  sulphuretted   hydiuywi  (p,  ii3J), 

y  that   in    this   uiae  a   much  sniallel-  codcBntnitioa  of   hydrion   is 
Uotait  fur  e!4|U)]i brill m. 
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Lend    oxide    dissolves   ulitiiidaut-ly    in    solutions    of    rioniul 
acetate,  und  forrtiB  liasic  sails,  several  of  wbioh,  c.47.  rH(CjOjHj)( 
have    bcicii    prepared    in    the   solid   state.     The   solutions  art 
viite^Firr  vj  Uiitl,  and  arc  employed  in  medicine  and  us  a.  rea^nt  iai 
laboratory.     They   con&iin  jipprecia.bl'C   amounts  of   hydroxiditio,] 
they  react  alkaline  to  vcgetiible  colours. 

656.   Lead    Carbonate,    Pl'CO^    can   be    obtained    as    a 
pracipiuao    from    soluiimia    in  whi<;h    the    ions   Pb"  iind   CO," 
together.     Lilce  niagnesiiim,  lead  haa.  although  in  a  leas  prune 
degreBj  the  teiidoiicy  tn  form  basic  eiipbonates.      In  niituif  tbi*  nn 
carbonate  is  found  in  the  rhonibiL^  forniB  of  aragonitt?.  witb  whith  1 
iaoniitpphous,  and  is  called  wliilc  iimi  or  cervssiSe. 

Ji'hit-i:  lead,  the  ivhite  pigment  most  largelj-  employed,  is  a,  m» 
of  various  Ijiiaie  {.'arbonates.     It  is  obtained  by  allowing  cnrlmiidio 
to  act  on  lead  oxidu  ;  to  facilitate  thu  reat^tion,  Avetic  acid  is  ^ue 
used  as  an  HUxili.ifj'Mnbstanee.      Aceording  to  the  older  l)nU:b  pr 
spirally  rolled  leail  platts  were  placed  in  pota  in  wliicli   tliore 
little  vinegar,  and   were   coverofi   with   dniig   or  speiii    tiinner'n 
ivhiiih  yields  the  ciirboti  dioxide  by  its  slov  oxiiiation  in   thi>  lur^ 
these  circunistance.H   the   lead   plates   become  covered  with  aUywi 
basic  carbonate  which  is  shaken  oH'  from  time  to  time.      At  prtocnt  I 
IS  usual  to  triturate  litharge  with  some  lead  acetate  and  water,  and  U 
paBS  cHrbotl  dioxide  (obUitn«d  by  heating  Iiine«tOn<^)  ovtv  the  iniiiart 
Furthef,  a  solution  of  basic  acetate  can  be  prepared  from  le:ui  aceUHl 
and  litharge,  und  this  be  decompiled  vitb  ^.^a^boD  dioxide.     la  tUl 
way    normal  carbonate   is  precipitatecJ,  while  acetic  acid,   along  trilh 
some  lead  acetate  ia  left  in  solution.     Tlie  liq^uid  i£  again  iuchI  lodift- 
Bolvfl  lead  oxide,  and  80  on.     As  can  be  seen,  the  same  reaclians  wlita 
hero  occur  a^jw-rataly  took  place  alscj  in  the  first  pTocese  side  by  sid«.  1 
Lead  aeetato  hare  plays  the  riile  of  a  catalyser  by  accrleratinc  tiil 
combination  of  carbon  dioxide  and  lead  oxide,  a  cotiibitinTi'  ■ 
wiiidd   take  place   without   its   presence,  only  too  slowly  (01  n  " 
tiu'in};  purposes.      In  the  present  case  the  eauae  of  th*  uccoleratiun  eui 
be  recognised  to  some  extent,  since  by  means  of   the  acetic  aciJ  iMl 
lead  oxide  is  converted  into  tht'  dissolved  condition  in  which  it 
more  readily  unite  with  ihe  carbon  dioxide. 

In  other  woide,  the  veloeity  of  the  iiction  nf  acetic  acid  on 
oxide,  and  the  precipitation  of  the  carboiiatw  by  curlmn  dioxide, «»'' 
together  much  gTeatar  than  the  veloeity  of  direet  conibitmtion  <*(  1«"<J' 
oside  with  carlxin  dioxide.  It  ie  probable  that  it  will  be  possihItlSi 
attribute  many  eases  of  catalytic  actiou  to  such  cause's.  ■ 

•  The   ebaiTicteristic  of  this  expliination  ia  that  in  place  of  tW 
direct   reaction,  a  series  of  intermediate  reactions  oceur,  wh:. !.  '  ■ 
to   the  sario   final   result  ixa  the  direct  reaction.     Jj  (hfir  in'- 
rttielwiis  (uriir  more  rtipUily  than  the  direct  reaction,  the  CNjilannli'iii"! 
lh.e  catalytic  accelerating  action  of  the  iiibei'medtate  aubstancc 
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'Qgb  cirerloolciitg  the  most  essential  pirt  of  tbia  explnnatioii,  itow- 
oiie  has  become  tkectisUiiiicd  lo  see  &u  "  explanation  "  of  cAt>a.ljtic 
mtiona  in  the  mere  possililiiij  of  such  iiitermediiLe  reficliuris,  with- 
lliuikiiig  of  the  nccussity  of  proving  that   theac-  iiiteniii.>d,uite   re- 
must  protficd  more  mpitlly   thiLii   the   dii'ect   roac-tion,  if  the 
)>ri>cvsfi  is  tit  bt'  Afctlerrited. 
G5i.  Lead  Sulphide. — From  solutions  containing  plumbion,  aul- 
ttcd  hydrogen,  e^en   ia  the   prosonce  of  hydrion  (if  this  is  not 
oDTicnntnited),  precipjtfitea  hniirn-Miick  lejid  sulphide.     Ooncen- 
acid    prevents   the    pretipiution,  or  re  -  dissolvuu  t!io    piecipi- 
Iphide.     We  are  again  dcUing  here  with  one  of  the  equilibria 
hav&  been   repeatedly  diaciissud,  und  whii?h  in  this  uise  ia  char^ 
by  a  very  slight  solubility  of  the  tiiilphide,  and  therefore  a 
leroble  lack  of  senxitivonesa  to  bydrion. 
Tbia  aulubiiity  is  so  sinnll  that  even  the  small  i^Doiint  of  plumbion 
lined   in   the   complex   siilta  is  sufticienl  lo  oKueed  the  tsoliibility 
ihicl  oti  passing  in  siilpburotted   hydifigcm     For  this  reason   ftll 
nltfi,  even   the   complex   ones,  are  precipitated  by  sutphitrotted 
ig«i. 
Xitnc  iieid  oKidisea  li?ad  aulphidc  tit  siilpliaU!. 

Ill  tiatiire,  lead  sidpliide  orcitra  in  the  form  of  regiiliiir  cubes  with 
grey  motillie  lustre.     It  is  a  isoft  mineral  of  great  density  (7"5), 
is  wiJely  diati'ibuted  and  is  allied  gnkna.     This  is  the  ino&l  im- 
t  lead  ore. 

M8  Compounda  of  Tetravalent  Lead.— Ah  in  the  vase  of 

wb(.Te  ihu  sails  of  lb*;  iiNj[iovidi.'nt  typu  were  known  only  in 
solid  aUile,  since  monocupnoti  immediately  nmlerwent  liitnsfor- 
iii  Eulution,  HO,  simiLirly,  there  is  a  series  of  lead  compuund;S 
c&ij  be  referred  to  letnivak-nt  plumbion,  Pb"*',  although  tliia  ion 
it  occur  to  any  t-orisidei-able  extent  in  isoUitioii.  Th<*  reason  &f 
bilily  of  such  »n\t6  is,  however,  to  be  foiLiid  in  another  direc 
J  it  hii*  to  lie  sought  for  in  the  fact  that  the  anhydride  of  the- 
.ral-rpt  hydroxide  (I'h0„  =  l'b(OH)j  -  liH^O)  is  ii  parricuiarly  stilble 
tl  difSciiltly  soluble  compound  which,  with  the  co-operation  of  water, 
•Iwitys  formed  in  easfJB  where  the  tetravalent  ion  Pb""  might  be 
pect«U.  The  hydrolytic  reaction.  Pb"'"  +  2H.0  =  PbO^  +  4H'.  there- 
tklces  plaCfii  (t^.  1c<id  peroxide  and  free  add  ure  formed. 
LeaJ  pertmtle,  PbO^,  ia  a  bi'owii  substance  which  has,  in  the  crystal- 
ounditiijin,  an  almost  metallic  lustre  j  it  ia  prnctically  insoluble  in 
UT.  and  is  always  formed  when  lead  compounds  are  subjected  to 
rwerful  oxidising  actions.  It  is  generally  prepared  by  the  action  of 
ting  p«wder  on  load  chloride  in  alkaline  solution  ;  it  is  usod  in 
nsiderublo  quantities  as  an  oxi'Usiny  agent  in  the  ohomical  indiiMtriea. 
On  bi'ing  eaiefully  heated  in  the  air  lead  oxide  ako  nnderfjoes 
idAhon,  not,  however,  to  the  peroxide,  but  to  a  eorajmtiml  of  that 
th  lead  ojdde  :  2PbO  +  P1jO,=  Pb,0,.     The  prodiiet  is  a  powder  of 
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a  bright  red  colour,  which   has  liceii  known   for  a  long  time,] 
employed  as  a  pigiiieiit ;  it  is  c;illcd  minvim  or  red  Iciil, 

*  From   this  name   is  derived  the   deatgniitiuii   f/iiuuUurt 
ornamental  desijfns  on  inanuBcripta,  because  of  the  uee  of  this 
(or  of  einnaljAi-,  whlth  vvas  fi,>rm?i-ly  cbiifii^ud  -w-ilh  it)  for  that  pmi 
At  the  present  d:iy  the  word  has  nuothor  aigiiificnlinti,  which  h^ 
a  slight  connoction  with  the  origimd  one.  fi 

On  trenting  miniiini  with  dilute  acids  which  form  soliitile  I 
sall-s,  e.g.  nitric  ^cid,  b^wl  tlitrwte  passes  into  solutiftn,  .-md  iniuX  | 
oxido  remains  behind  as  a,  brown  powder :  Pb^O,  +  4HN0j  =  PM^ 
3Pb{N0j,)j.     In  this  w.iy  lead  peroxide  was  forniLTly  chiefly  nhtiuii 

Another  and  viny  important  methotl  of  prepaniig  Iwul  i>erosiJi 
by  the  convoi-siou  of  Jea^"!  sfilts.  e.'t.  of  lemi  sulphate  in  diliiti*  sulpha 
acid,  by  nii!.tii3  of  th*  electric  cnirent  at  the  anode.  Ity  nieiins  uf 
current,  BUlphjinion,  SO^",  ia  brought  to  the  aniKle  iitid  dischar] 
there  occurs  tlie  reaction  Pb»:)^  +  HO/  +  211^0  =^  PbO.  -  "lUSOj 
accordjinee  vdth  wfaoic  was  stated  iibove,  it  euii  be  asanm< 
there  first  occurs  the  reaetion  PbSO^  +  SO/  =  PI»(SO,)^„  the  m 
of  tetravjJont  lead  being  formed;  this  ia  hydrolytically  (lii»oriAinj  I 
the  water  and  pasatis  into  leiwl  twtr&hydroxide  nnd  sulphuric  ncvl. 
lead  peroxide  and  sulplitiric  acid,  according  U<  the  ei|iifltion  PI'lSD^I. 
2H,/3-Pb03  +  iiH.jSO,.  These  reactioiis  are  of  groat  iniportjui 
for  the  construction  nf  clGOti'ic^d  lucTimtU'iftir.i,  and  will  prcwtnit^ 
considered  more  in  ibtail.  ■ 

If  lejwi  ]>eroxidc!  is  treated  with  anhydrous 
hydrated  aci^ls,  ifith  which  thcroforo  hyda-olyais 
coiTesponding  sfdiiie  derivatives  can  tie  obtained. 
oxide  dissolves  in  fuming  hydrochloric  acid  in  the  cold  tt>  a  ilai 
coloured  liquid  from  which,  by  the  addition  of  jimmoninni  chkirii 
a  yoUow  ammonium  salt  of  hvdroplumbicblonc  acid.  (NFIjIiPliClp 
obtaiiieft ;  on  tlecorafiosing  this  with  concentrated  snlpburic  acid  1 
iicid  HjPhCIn  is  formed  which  immediately  decumiwjses  iiiti>  livdwj 
chloride  and  le;id  totraehloride,  PbCI,.  Tin;  teimchloride  is  found 
be  n  yellow  li<|uid  which  duOB  not  solidify  till  -IS,  and  wh 
readily  decomposes  into  lead  chloride  and  chhjrine,  MTien  i)ii»>li 
in  much  water  it  undergoes  the  al)ci\f-mentioliod  hydrolytlc  Hm* 
tion  into  hydrocliloric  acid  and  lead  peroxidu : 
Pb0.,+  4HC1. 

The  sidphntc  and  acetate  of  tetruvrdent  leiul  «in  also  hv  \\np» 
under  suititblc  eondiiions :  tliey  are  yellow  «i.lts  which  ni*  colon 
brown  by  wiiter  owing  to  the  ^^cpitnuiun  of  peroxide.  ■ 

Tho  hypothetical  lead  tetnihydroyidf  can  also  act  as  ah  '"■? 
hydi-ogen  of  the  hydrnxyl  Iwing  split  oH"  as  ioit.  As  can  he  seen  fl 
the  fopmnia  H^PliO,  and  that  of  its  first  anhydride,  H.,I"hO„nW 
vftlerit  as  well  a.s  a  diviilent  acid  can  bo  derivo<l  from  the  W 
hydroxide.      Minium  ean  be  regarded  as  the  lead  salt  of  the  tctrak 


or  only  illpl 
is  excliidul,  I 
Thti^  leail  {■ 


PbCn,  -  *t 
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for  if  we  replace  tho  iti  by  Sl'li  Vfe  obtain  Pb„PbO^  =  PhtO^,  the 

luU  of  miiiiiun.     The  dscompimitioii  of  the  latttr  ulan  by  means 

<tUut«  aeiib  speaks  in   fiivuur  of  this  view  ;  acids   fir&t  efl'ect  the 

ttioii  nl  the  free  pliiniTjic  acid  which  decomposes  into  water  and 

I  tnbydri<lc,  lead  peroxide. 

Ajiotber  compound  of  the  tetrnliasie  Jicid  ts  that  with  lime,  which 

Eam«cl  by  haiting  »  mixture  o<f  l«&d*r>xid$  and  lime  in  tha  air, 

fltij'  oxTp'geii  is  taken  up.     On  lifting  heat«t.l  in   carbon   dioxide, 

.  sdt  is  decomposed  into  t'»lciuni  wwlKsniito,  lend  oxide,  mid  "<'/|T-"  .- 

being  boated  in  di^e  air  the  carbon  diuside  ugain  esc-iipca,  oxygen 

i^un   aljeorf'Of!.  and   culfiwnt-  jilumbati-  is  formed.     A  commorcial 

of  obtaining  pure  oxygen  has  been  based  on  these  transfor- 

Tfae  alkali  metAts,  on  the  other  htuid,  yioM  snlba  of  the  dibasic  ucid. 
peroxide  diaaolvcs  in  ii  s-trong  Bolution  of  canetic  potash,  and 
the  solution  the  stilt  K.>Pb0.i+ 3H,jO  can   be  ohtained  in  the 
kltine  condition.     In  the  solution  u'fai<.-h  cantuiiia  exceas  of  caustic 
the  presence  of  the  tetravitlent  ion  PbO^""  may  also  be  ajuaumed, 
659.  The  Lead  Accumulator. — If  two  bad  plates,  one  of  which 
;  covered  with  lead  peroxide,  me  placed   in  dilute  sulphuric  acid,  nn 
fective  voltaic  cell  ie  ohuiined  tbo  potentijdof  which  is  S^O  volts,  und 
rhich  i-an  yield  a  strong  current,     The  chemical  proccsH  taking  place 
this  cell  cnnBisls,  on  the  one  hand,  of  metallic  \eiui  Ijeing  convyrted 
atf»  lead  sulphate,  jiist  as  the  zinc  of  the  Dunii'll  cull  is  converted  into 
Bne  sulphate,  only  that  in  Una  ease  the  load  sidphate,  on  aecomit  of 
>  difficult  solubility,  foiine  a  firm   layer  on  the  electrode.     On  the 
th«r  hand,  the  lead  ^roxide  is  rednced  from  the  tetravalent  stage  to 
he  divalent,  and  alsO'  fnrms   lead  sulphate,  with   the  sulphuric  acid 
eiit.      The  rciLction  which   yields    the   energy  for   the   eiuTeiit   is 
lore  represented  by  tlic  HM|iiatiori 

Pb  +  PbOj  +  2H„S0,  =  2P1.S0^  +  2H,0. 

The  remarkable  thin^  itbout  thif  cell  is  thnt  it  ran  lie  easily 
Thai  19  to  say,  if  a  current  is  ]jasacd  Ihrough  the  C(?ll  in 
iV  direction,  the  aolphalc  h  at  the  one  |<o!o  reduced  to 
,ic  Ie;id.  and  at  the  other  nxidined  to  lead  peroxide  (p.  (yd'I). 
lie  cull,  therefore,  again  posses  into  its  former  condition,  and  can 
gain  yield  a  current. 

At  tii-st  aight  this  appears  a  fact  of  very  small  importance.  For 
rttrding  tn  the  law  nf  the  conservation  o£  energy  there  can  be 
ibtaiiivl  from  the  chiujred  cell  only  as  much  electrical  energy  aa  waa 
»et\  up  in  tlie  charging  ;  in  all  circumsUnces,  therefore,  there  is  no 
lin,  and  indeed,  in  considorjition  of  the  unavijiibible  losses,  there  is 
en  a  profitless  consumption  of  electrical  energy.  This  i&  cert^nly 
b«  caw;   the  advantage,  however,   which    lies  in    the   possibility  of 
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Btoring  compnnitiveiy  likrge  ijuanliEies  of  filectrical   energy  in  a 
weight,  and  uf  rendering  any  portion  of  it  available  for  use  vh 
desired,  is  so  great  that  the  above-iaieiitionefl  loss  is  willingly  a(i:«| 
Considor,  for  example,  it  factory  in  which  large  amouots  of  (.'l«i 
energy  are  required  from  time  lo  time,  whiie   in  the   inten>'ala  liltjrf 
necesaury  ;  the  dynamo  wouUl  th«n  have  ti  be  large  enough  to  iU] 
the  powerfu]  currents  withoftt  being  daniiiged,  while  in  the  inte; 
would  have  to  run  empty,     If,  however,  iui  tlfclrical  aetunmhlor 
connpcted  \iHth  tL*  plant,  the  dynamo  would  have  to  be  cons 
only  for  the  average  consumption,  find   not  for   the   mucimal, 
tluring  the   time  of  large  coiiMiniptiun   the  accumulator  would 
energy,  while  in  the  intervals  of  small  consumption  the  M^um 
would  take  up  the  energy  of  the  dynamo  jind  retain  it  £or  iiae 
required. 

This  resnlt  would  be  obtaitied  by  inserting  a.  voltaic  cell  which 
act  in  the  <loiiMe  timnnti',  »-■«-  whiuh  can  on  the  one  hand  yie\> 
current,  and,  on  the  other,  can  aton;  by  means  of  the  reverse  chi 
reaction,  the  ciirroiit  of  oppoaito  diroctioji.  This  prnperty  ia 
by  many  cells,  r.y,  the  D«ni«ll,  in  whi<;h,  by  the  reviTsu  cnrrfiit,  JtiiU' 
IB  deposited  and  copper  di^aolved,  uoppor  sulphate  therefore  bdcg 
formed. 

Hitherto,  however,  the  f''it-il  acntrnvlafar  which  hns  just  bwn 
deacrihed  is  the  only  one  which  has  proved  to  pflgat^aa  vitality,  »ii*(* 
it  has  tho  ndvatitnge  of  containing  otih/  otw  metal.  Thie  is  rendfrfd 
possible  by  the  circninstaiiL-e  that  the  inetallicu.lly  eunducting  Ir*) 
peroxide  ifl  a  very  strong  oxidising  agont,  while  the  inetalhc  leiid  sou 
OS  It  (moderate)  reducing  agent.  In  the  coUa  of  the  type  of  llM 
Danitdl,  which  contain  two  metals,  one  cannot,  iii  the  long  run, 
prevent  the  solution  of  the  one  metal  <cop|ier)  piiBsiiig  into  iKsl  ■« 
the  other  (ziiie),  whereby  instead  of  the  indirect  ehemical  jinxra, 
which  yields  the  current,  the  direct  procesa  occm-a,  which  only  yi«ti* 
heat,  rind  the  eell  therefore  no  longer  ael-s. 

A  Uiul  a<-citmul\ik<Ti  therefore,  consists  of  two  lead  plates  placid  f 
dilute  Bulphiiric  acid.  In  or^ler  that  as  large  an  amount  of  electrirt! 
energy  aa  possible  may  bo  ahaoi-bed  for  a  given  weight  of  tfie  (icciiDia> 
lator,  the  platoa  are  made  porrjLLS,  so  that  the  acid  has  as  far  as  inj««il'lt 
access  t<)  every  part.  To  eoraljinc  this  retj iiiremeut  with  thu  great*st 
possible  durability  of  the  plates  is  the  real  prolilcra  of  the  elcclrical 
ttccuniulator.  The  problem  is  j^encrally  solved  Ijy  hllitig  up  «  le*^ 
grating  with  spongy  lead,  obtained  by  the  eJectrieal  reduction  of  varioui 
lead  compounds.  Such  a  plate  of  spongy  Iwtd  is  then  conncctwi  "it'' 
a  second  plate,  in  which  the  Hpnngj'  lead  has  been  cnnverteil  into  law 
peroi^iile  liy  ■electrical  oxidaliun,  Such  plates-  are  prcjiarcd,  fur  »i- 
ample,  by  filling  in  the  load  grid  vrith  a  mixture  of  lend  oiido  ww 
sulphuric  acid  in  the  form  of  a  thick  paate,  suspending  two  such  pUtai. 
after  the  paste  has  solidified,  in  dilute  snlphui-ic  acid,  aiid  [)a.>siti£ 
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■ent  through  it.  On  the  one  aide  the  lead  sulphate  present  is  then 
iced  lo  metallic  lead,  and  on  the  other  oxidised  to  peroxide.  The 
!  of  the  transfaroiAtion  i-aii  lie  recognised  in  the  evolution  of  hydro- 
'  at  the  foriiitir  plate  and  of  oxygen  at  the  lattei' ;  at  the  snme  timfl, 
lpot«nttJil  of  the  current  necessary  fnr  charging  rises.  The  accumu- 
ir   is   then  dMrt^rd.     When,  after  the  thiii'gc  has  hoen  withdrawn, 

"Qulalor  hiia  to  be  rochargodt  cara   htia  to  !)«  taken   that  the 

troxide  pl,ite  is  ngain  use<l  for  the  same  traiiBfoimatioD,  as 
the  pUtes  will  be  deetroyod. 
As  tsn  be  seen  ivota  the  equation  of  the  reaction  given  on  p.  663, 
^huric  »cid  passes  iiifo  ivmhino/iolt  whil'C  the  accumtiktOr  19  ill 
9",  and  is  again  set  free  when  the  cell  is  charged.  In  the  amount 
liUphuric  acid  in  the  acciiinnhtor,  therefore,  we  have  a  measure  of 

condition  of  charging,  and  as  the  density  al^o  changes  with  the 
puot  of  acid,  a  hjdronii«ter  llortting  in  the  liH[ii.id  nllows  of  the 
ditjoti  AS  10  charge  being  easily  determined.  Thia  is  of  importance, 
K  experience  has  shown  that  an  aceuGeitUtor  deteriorates  on  stand- 
'  for  a  lengthened  period  in  the  uncharged  contlition,  Iiecause  the 

gihate  in  the  plnt«s  partijiUy  loaea  it;  chemioa]  reactivity. 
Metallurgy  of  Lead. — For  the  manufacture  of  lead,  galena 
\y  on}  which  hna  to  ho  eon^idercd  in  pitictica.  This  is  first 
Krtf,  whereby  a  part  of  the  sulphur  escapes  as  sulphur  dioxide, 
ile  iinMher  [wrtion  remains  behind  in  the  i-o;isted  ma^,  the  lead 
phide  Wing  convertetl  into  lead  snlphate.  The  mixture  of  lead 
de.  lead  sulphate,  and  unchanged  lead  sulphide  ia  then  fused  with 
jaaiop  of  air>  whorehy  the  following  reactions  occur; — 


PbS+2PbO  =  3Pb  +  SO, 
PbS  +  PbSO^  =  2Pb  +  2S0j. 


tn  thia  particidar  case,  therefore,  the  unchanged  lead  sulphide  acts 
■  pwlacing  agf'Ut  on  the  oxygenated  producl.8  formeid,  and  the  rcBiilt 
oittallic  lead  along  with  sutphuT  dioxide. 

The  "work  leiul "  thua  obtatnud  geneniUy  contains  silver,  to 
Iain  which  it  is  further  trejttsd ;  the  proteases  for  thi£  will  be 
under  silver. 


061.  General. — In  its  chciuicnl  rfil&tiona  mercury  is  most  nnirljr 
FiUied  to  copper,  sine*  it  forms,  HliO  it,  two  elementary  ions,  a  taom- 
valent  find  a  divitleiit,  which  in  many  respects  also  iire  simikr  t«  thoM 
of  coppei",  Wit-h  caiimiuin  it.  shares  the  tdndenoy  li>  foi-m  «liglitljr 
dissociJitefl  halogen  conipoiiiKis  nf  the  divalent  sorieB. 

M'itnlHi-  menurij  occhtb  free  in  nature,  anii  l>y  reason  df  its  bfing 
lifjuid  at  medium  temperatures  it  baa  atLracU;(l  attention  from  Ktswic 
times.      In   the   older   bJStory   ftf   ehemistry,   while    the   eKperiraHitai 
conception  of  a  chemicftl  element  was  not  yet  developed,  mercury  was 
regardod  as  the  tjqje  of  the  uieliUlic  cjm racier ,-  this  found  cxpnfMimi 
in  the  fact  thai  mercury  was  regarded  aa  a  constituent  of  all  miMaU. 
The  endeavours  ti>  prepare  gold  and  wilver  from  liase  nietalo,  which 
are  connected  with  this  vicu",  had  genendly  for  ihe  first  purpose,  ihf 
"fixing"  of  the  mercury,  '.''-  making  it  nonvolatile.      For  this  reasoti, 
and  through  the  discoveiy   nuide  aViout  the  fifteenth   century  nf  ilw 
powei'ful  medicinal  actions  of  the  roewiury  preparations,  the  cliemiiln 
of  mercury  became  knowni  at  an  earlier  pcnod  than  that  of  most  vi 
the  other  metalg. 

During  the  development  of  the  newer  period  of  cheniistry  M  iho 
end  of  the  eighteenth  century  mercury  agHin  played  a  eonsi^iRrahli'  m'iIi' 
Tliis  was  due,  in  the  first  place,  lo  the  chomieal  pro^wriies  uf  mwriit^' 
oxide.  The  possibility  of  converting  the  nietiil  into  its  (fnir  by 
boating  in  the  air,  and  of  elfeetitig  the  aejwration  of  this  into  iQ«tal 
and  oxygen  by  more  eti'ongly  floating,  was  of  the  greatest  ini[vjrtnii« 
for  the  correct  interpretation  of  the  phcnoniena  of  oxidation  (p.  .1")« 
On  the  other  hand,  the  introduction  of  the  itiivcwy  fmnurnUtjr  Jri'iij* 
for  th<!  investigation  of  gasoa  at  once  led  tu  the  dincoverv  of  a  sfritt 
of  hitherto  unknown  subHtancws  (p.  1P5). 

Up  to  the  present  day  mercury  has  not  lost  its  importjutce  (oi 
acieutific  invoatigntion.  Its  li<jui(l  imture,  fairly  groat  chemicnl  r<*iiti- 
bility,  considerable  density,  etc,  assure  ite  unceasing  use  f»r  physico- 
chemical    apjiaratus,    of   uhich    the    IJurmoiMter   and   liuvmfter    uecd 

8C6  ~ 


d 


CHAP.  X3C3nV 


MERCURY 


only  he  mentioned  as  the  must  imporUiit.  Since,  being  a  lii^iiid 
metal,  it  U  not  Biihject  to  the  varialimis  which  are  exhibited  hy  the 
M>1id  m«tsls  in  coiisci|iient'e  of  being  wrougiit^  it  is  employed  as  a 
standard  metal  forelectro-chemicnl  a[ii>aratus,anft  mftnyolher  scientific 
Applications  could  also  He  mentiojicd. 

)Ietailic  merciirj'  haa   the  density  13"595  at  0''.     Its  expansion  by 

ticat  is,  up  to  the  lioiliny  point  of  wfiter,  so  tiftnrly  proportionrtl  to  that 

<rf  the  gajtes  thnt  the  mercury  ihermomeler  agrees  wall  with  thu  gas 

Uieraiom«ter  over  Ibis   range.      At    -  39"4'',   meix;iiry  aolidifies   to  a 

diver-like   solid   metal ;  it  thereltv   readily  exbibits  in  a.  considerable 

^degree  the  phenomena  of  super  willing  (p-  120)-     At    3i>8°  tn^rcury 

under  the  pressure  of  the  ataiosphcre.     Since,  in  many  meiisiire- 

menu,  the  vapour  prcasiire  of  mercury  at  comparatively  loiv  tcmpcm- 

tnres  also  comes  into  account,  we  give  the  follomng  table  nf  vapour 

pnanires:— ' 

tr  .  0-00002  au.  isr  .         .  0'29PTn. 

20*  .  O-OWia    ..  SOO"                   .  1-82    ., 

lO"  .  0*01)0/       ,.  250°  .         .  7-58    „ 

80*  .  0-0l)2H      ,.  500'                   .  24-2      „ 

80'  .  0(W93     ,,  SSO"  .        .  ^8-3     „ 

100'  .  .        0-02SO     ,. 

From  this  it  is  aaen  that  up  to  100^  the  T&pour  pressure  is  small. 
Til.  less  than  I  min. 

In  the  air  merciuy  behaves  in  geutral  as  a  "noble"  metal,  i.e.  it 
does  not  osidis>e  spontaneously.  This  is  not,  however,  in  idl  strictneRS 
the  caxe,  for  if  it  ia  maintained  for  a  lengthened  period  at  about  300^, 
itilowly  becomes  covered  »nth  red  crystals  of  mercury  oxide.  Water, 
atuiding  in  contact  ^nth  mercury,  aasumea  poisonoua  properties. 
Whether  this  is  due  to  the  aolutiun  of  a  irate  of  oxide  formed,  or  to 
tiie  solution  of  met^l  in  water,  has  not  yet  been  determined.' 

Tho  OJ'AtiuDff  UFiifht  of  mercury  has  been  found  by  analysis  of 
[be  oxide  and  sulphide  to  be  Hg  =  200*0.  Tb*  vapour  density  sbowa 
tlie  molar  weight  to  be  200  ;  the  two  are  therefore  equiil.  On  account 
of  ita  loir  boiliug  point  moi'cury  w3l9  the  first  metal  ia  the  case  of 
which  this  remarkable  relation  was  established  (p.  477). 

Pure  tiH^rfury  dftta  not  wet  ^Iass  ;  if,  Jiowover,  it  contAiiis  foreign 
metals  dissolved  in  it,  it  becomes  covered  with  it  film  of  oxide,  the 
effect  of  which  is  that  the  mptal  no  longer  flows  ovi'r  glass  and  other 
torfaces  in  round  drops,  but  "  leaves  a  tail."  This  is  a  very  sensitive 
WSt  of  the  purity  of  the  metal. 

*   In  order  to  purify  mercury,  a  task  which  ia  constantly  occurring 

'  Tbit  mvtalLic  nienmry  cai'  ilinaolve  iu  wntet  iiiusC  he  t\!gkTAti  m  Iniliibi table. 
For,  «ll  gajn  dissolvs  Iu  water  ;  Mjice  meu'HTy  has  lu  njiiirfciiihle.  oltbough  amBll.  Ynpoor 
prauure  -bwi  al  ro"ini  tempemiire,  it-i  vajwur  ininl  also  t*  soluWe  in  wnter.  Tiierc  is, 
bdwiier,  no  liiflcretice  Vlvrcrn  a  solutiou  of  liijuiJ  and  one  uf  vaiiorons  niertiirj",  i'ince  in 
ibe  cMe  of  a  M>.Hitioii  wilj  the  piistiiig  stat*  is  "f  iiopprUnce  anil  not  the  fonusr  aUtes 
at  iU  eomptineiild. 
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f,  it  is  ri}iak9o  rith  diluie  Milphiiriu  acid,  to  nlimbird 
■a  'ir^ps  -it  pajtaasium  flichrumate  are  odddJ  ;  it  U  tfa 
wtduni  with  a  large  quaiitlLy  of  water  and  drietj 
gUtdf  tuatiag  tL  In  this  way  considerable  iiupuiiti 
oHt  be  tiukkl^  removed.  The  (s>ir\y  pure  meul 
illniwil  to  8oiv  ill  small  drops  through  tli«  appani 
aimra  in  Fig.  130,  which  is  filled  with  a.  dilute  u 
.sbttiua  ^t  mei-curoUs  nitnit«  {vidt  infru).  TIh 
iBBflhois  depend  on  the  fact  that  the  oxidising  Agei 
employed  oxidise  the  contaminating  metals  ratk 
tiiBD  the  iDGrciiry;  in  ord«i'  thut  the  object  uaj 
ttCEUtt^,  GiiC  dtvieioQ  is  naceaaary. 

Sfi-J.  Mercury  Ions. — Mercury  forms  two  «]o!ui 
ary  ioQS:  niomi'meivncioti,  Hg'',  and  dim-erciu'ion,  H 
to  its  properties  the  former  is  allied  to  mnnociipri 
tad  argcution  ;  the  hitter  does  not  exhihil  any  vt 
close  relitions  to  otlior  metah.  In  cnmpnmtivoly  « 
isdatrntod  solutions  monomercurioii,  pcrh:ipB,  ocuuB 
i.be  dtvjilent  douhle  ion  of  the  formula  Hir^" ;  in  vfl 
■iihit.?  solutions,  aa  monovalent  Hg*.  For  the  sake 
t:iiuLi'iioss,  ftnd  until  the  corrospotiding  relations  bc 
IWMi  explained  in  the  <:a.?e  of  the  other  monoval 
.  •it  Um  bearjr  motals,  we  shall  iiae  the  sim|ilQ  method  of  writi 
(te  fWnutlBi  <Mp«ciiUly  as  it  does  not  conflict  with  a.ay  Gxp«rim«a 
'i^'U^«d  here, 
inon  is  forroed  when  salts  of  mercurj  are  prepared 
pcu^iMMV  »t  iko  excess  of  metallic  mercury.  The  most  con^'viiii 
Hrl>«ial  fur  raerniry  is  aliliitc  nitric  acid  ;  if  too  groat  »  ooiiccntrnti 
uL  iiiu-ic  aciJ  .uid  too  high  a  t-cnipfiraturo  are  avoided,  niorcurt 
i|iU>a«  18.  iurued  with  ovolutjon  of  nitric  oxide  (p.  32G).  If,  owirj 
ibit  uftuauB  jitat  motitioiiod,  mercuric  nitrate  hnn  lieen  formed,  il 
aUlksMCit  tu  allow  the  sulutioit  to  stand  for  some  Lime  over  meu 
iMirffirT  ill  -tnlcv  to  i^gain  convert  it  into  mercuruus  ui.lt. 
mnilMM  H^"  -  Itg  =  -H^'  then  Uike.4  place  iilmost  completely. 

Ill  ihv  -ttiMtini  of  nietidlic  niiircury,   however,   monomercuriot 
n.  i-«d  to  dimorcurion. 

iiiiwufi  of  the  two  ions   c-annot  bo  distiuguished  by  il 

niiiof  thi'y  are  both  colourless.     Their  compoiuids,  b 

w  3am«  anion  have  frequently  very  diiTereiit  sotubil 

*i.  .1  bo  distinguished  by  this  means. 

■  ivna  ar«  rjolcnt  /Jidsttns  both  for  the  higher  and  the  l-i 
tKf.  Sinct),  however,   raonomBrciirion  forms  a.  very  ditfici 

%iUU»  i^uuipounJ  with  tht^  chlondion  occurring  everywhere  in 
■■■.:.■    --u.    :^^■■:■^■^y   Its  concentration  and   therefore   its  action  is 

'.iliiigly  email   values,   mercUry   poisoning  OCCUrt, 
Ui^u.^  ui  tiLv:i.  ^iluio&t  exclusively  by  means  of  dimercunon. 
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!63.  Mercnrons  Compounds. — From  the  solut.ionsoE  mcrcurous 
Its,  black  iii^i'tiiimi  iijiik;  Hg..(l,  is  precipitnied  I>y  Ijiisc-s.  The 
erairoiis  hydruAide,  the  foi'iua-Uoii  of  which  might  he  exjieeted,  is  so 
wubje  thai  it  hris  not  heeii  pciseilflt.'  to  detect  il  with  cpi'Liinty :  ou 
i  fanostioii  It  iip[tai'uiitEv'  ptu^ges  immudiutdy  into  itis  iinhydndv. 
McurouB  oxidfi  is  a  blaclt,  uiistuldfl  powder  whifli  {>ii  heiiig  kept  for 
me  tiute  is  converted  into  mercuric  oxiile  and  metallic  m^rciuy: 
g.0=  Hgf)  +  Hg  ;  iu  sunlight  the  conversion  is  rapid. 

Tie  Iwsit  prijpcrties  of  thia  oxicio  are  only  fechly  devtlotwd,  for 
«  merciiroiis  aake,  so  far  as  they  are  soliilile  Id  water,  undergu 
nlrolysis  vrith  formation  of  predpitfit^  of  dithcullly  eoluble  Lasic 
lis.  In  order  to  obtain  clear  solutions  excess  of  free  acid  mu&t  be 
Idcd. 

This  holdj!,  for  example,  in  the  case  of  mercuroits  nilrate,  HgNOg, 
liich  18  readily  obtainoil  by  dissolving  mercury  in  dilute  nitric  acid. 
I  the  cold  the  salt  crystJillisea  from  the  solution  containing  excess  of 
ill;  ch  nttemptiiig,  howovei",  to  I'e-dissolvi?  it  in  water,  a  white  prc- 
[iit&t«  of  biisic  nitrate  is  deposit'ed,  the  ainoimt  of  which  is  all  the 
■eater  the  greater  the  amount  of  water  compared  with  that  of  the 
It.  The  solution  can  be  (igain  made-  clear  by  ihe  addition  of  nitric 
lid,  tnd  there  is  a  definite  coneeiitralion  of  free  acid,  varying  with 
pL-nilurf.  at  which  no  decompoi^itiun  of  the  salt  occurs. 
.  MercuToua  Sulphate,  Ug,,SU„  is  ;*  aalt,  very  difficultly 
water,  which  Is  formed  by  warming  mercury  with  con- 
'flulphuric  acid.  Half  of  the  aulphnric  acid  then  acts  us  an 
.g  agent,  and  passea  into  sulphur  dioxide  and  water;  the  other 
if  the  acid  yi^h's  merciirons  snlphatt",  whieh  is  deposited  as  a 
bile,  coarsely  cryaullinu  prnvder.  If  thu  cxc^^He  of  sulphuric  acid  is 
iiEoved  by  WHshing  with  water,  hydroEysia  commences  after  ihti  main 
mion  of  lliif  aciil  has  I>eon  removed,  and  the  Milt  becomes  dark  in 
ilunr, 

Mercurnua  aulphitte  ia  used  aa  the  initial  snbataTiee  in  the  prepara- 
on  of  other   memm-y   compouncis,  and  for  the 
iDatnictioii  of  eleetrical  stJindaiTl  cells. 

*  Such  standai'd  cells  serve  the  purpose  of 
iniishiiig  at  alS  limes  a  dohiiite  value  of  (jlectriciil 
Mitilifll  for  the  piyposea  of  measurement.  The 
*rt  Iwgt^ly  emfiloyed  of  these  cells  ie  repre- 
nil«I  ill  Fig.  121.  In  the  one  Itmli  there  is 
Mltaited  mercury  coveretl  with  niercurous  sul- 
■■■Bd  in  the  other  there  is  a  12  per  cent 
^^IHb  cndiuinm  and  mcrcHry  ;  the  remaining 
ptW  is  occupied  witli  a  saturated  snlution  of 
''^lUa  fiulpUate,  to  which  some  crystallised 
■dmiata  sidphat«  has  been  added.  The  potential  of  such  a  cell 
inwant*  to  TO  186  voll ;  hy  usjng  fairly  pure  aubstancce,  the  eamd 
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. »  itaMS  obumni  to  within  a  t«Ti-tbous.andCh  of  it«  n 
ttml^  ilighLly  with  tlie  tempGrntiue. 

i^oride,  HgCl,  is  a   wbit«   .salt,  so-hMc  nith' 
m  w»Ccr,  and  has  long  been  empUiyi'i]   in  niwlnw 
By  reason  of  its  small  aoluliilitv  it  ]uaui 
■alfdaw^nMi  Um  srstcin,  and   tliorefure   oxhiljiu   corresfiuiiiluutk 
mdii  a*tani.    bs  appbcatioD  in  medicine  dcj>eii(U  on  tliis. 


I  isabMBed  on  bringing  togethcT  »  soluble  mercuroiw  m 

mercursos  salts  arc  prvi;ipitii,ttHi  net  only  W 

id  aanmnl  chlorides,  >iiit  uIbo  just  as  complotoly  by  hviiro- 

tad.    This  bebivionr  could  Ve  fm-eftcen,  tor  the  HoluMityof 

mlahk  Siitg  in  acida  clep«nds,  indexed,  oti  the  fact  that  tbait 

vaa  fens   anili^sociatf^d   compounds  with  the  hydHon  of  Clw 

■ailaJdMi.  w  that  the  mncentratJon  of  the  auion  \a  diminisliwl,  >ni] 

ite  saiaftitt^  pRMloet  thereby  not  :it;tjuti(?d.      In  thi?  present  caeethll 

hB|i|MB.  hwmae  the  nidon  of  culomol.  viz.  chloiidion,  \s  th.ii  4 

■rt  tba  ^iTM^i^st  iidds,  and   is  therefore  not  convoi-ted  U>  miv  mn- 

aiiif.-^lui-  "^tect  iuto  the  iindiasociated  t-ondiUon  fven  by  the  )ul<iitioB 

wi  Kop  t)U4  piwtaon  tho  coiicflntraiion  product  of  a  tjilonul 

i-i-Tu.-URs  essentially  itnchaDged  on  the  addition  of  n  stn 

ii.ii'f  piL5se>s  iiiio  »i)liuiun, 

itMbUii^  oilotntrl  with  a  niLccHintbil  soltidon  of  swlium  cblnr 

«•  ^|<lNnfeit>ni'  .\eiiX.  howeviT,  ii  quite  iipprcciiihiG  amitnnt  of  it  \» 

iaMk  -Tiftiltfrii  ^   at   i\iv   ^amc   time;  aomi:  mut'L-nry  iis  dcp'^sited.     TW 

wSl  b4  explained  iii  th«  citsi;  of  the  iodine  compound,  in  whic 

it  i«  awttih  mure  distinct. 

Hifilir  "'  sulphali-ulso  is  convGi'tK-'d  into  tuiloni&l  on  l>ciu^  trejit 
«llk  4  luhttii T I  I'f  s>Nliiim  chloride  or  hydniL-hloric  arid,  berjiiiiii:  I 

>%  &V  tWHV  dit&eiiltly  soliilile.      As  n  rule,  huwcvf^r,  it  Ih  olituiiin 
♦f  TM    (^  dutplttU'   by  sidiHiiiicig  it  with    coniraon  salt,  Mberehy  tlu_ 
is.  utuauiiitl    in   scini  tmnspunenl    eryetjilline    niaH^uii    vith 
bum  (on  Jiccomit  of  \X&  high  index  ol  refraction].     Sina 
-I^MMp't   nMiv  or  less  muriuti'C  ehloride  is  mixed  with  it,  cmlmi 
«],..  '      ,     .1   )>«  iistnl  ffir  racdicinftl  |)urposcs,  niust  !«  prLivioiisly  w 
1|L..  '--U  wuh  wiitci'   iu   oi'dor   to  ruinovG  the   very  poiwiiiu 

HMUOM   TUv'n.'iU'K'  chtiirido, 

il- .nfl  rviwtily  vii)l;iLili*es,  and  its  vapour  density  was  thurefo 

'K-d.     TUia  yields   thu  molar  weight  235,  cni-rveixtw 
-iu,.ri.-  ^.•r«lnl.■l  llgC'l.     SincB  mui-ciiry  wits   regarded   as  Uin 
•MMu'J.  thia   iv£ull  stood   in  coiiHiut  with  a  funuer,  apeciiJlf 
-.riiptkwi,  acnirdiiig  to  which  the  difl'erent  t'li'ments  jmb 
invh.uig«d'le  valency;  the  doublu  fwrnmla  HgXL  bnwL'il 
l»svu^bi    iiili.i  af;rr!(.'iMcnt    with   tho  divnlency   of    nnfn.'ii 
••  .tw  Kiumlatiun  1  'IHg  -  HgCI.     A  lively  diBciisaioa  tb 
!.>   vu   whether   the    vapour  uf  i-aloinel   is  iinifonii  nr 
■wrcuric   chloridy    jind   morcuty,  according  Ki 
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quation  H£nClj=  HgCL  -i-  Hg.     An  un«qiiiva(»l  decisioji  oi  this  point, 
upported  by  numerical  lista,  has  not  yet  lieen  effected. 

Merc\iro«3  bmmid-e  and  iodide  are  similiir  to  cjdomel.     Tlie  ifMiide 
a  greeiiisb  powder,  which  is  most  easily  obtained  hy  rubbing  iodine 
.d   mercury  together  in  the  proportions  of  their  combining  iveightfi, 
aid  which  decomposes  with  extreme  readiness  into   mercTiric   iodide 
cd  free  (ncrdiry. 

6fil3.  Mercuric  Salts  ar*  obtained  from  the  merciirous  compounds 
ly  Bubjeetiiig  l]itse  to  oxidising  actions.  Tbiis,  j>}fmiric  uUrnte, 
lg(NOy)j.  is  formed  on  dissulvlny  mercury  in  conceiitnitcd  Hiid  warm 
iitric  acid,  and  can  bo  obtained  iji  coloni'lfsss  crystals  on  evnpirating 
he  solucion.  In  the  aame  way  mercurous  snlphate,  on  being  heated 
Irith  an  excess  of  siilphni-iu  acid,  passes  into  raercurie  sulphate  with 
wnewod  evolution  of  Hulpbiir  dioxide  :  Hg„SO^  +  H„S0j  =  2Ug;S0^  + 
SO,,  +  H.O. 

The  mercuric  salts  exhibit  the  property  of  hydrolyais   in  a  much 

ighor  degree  than  those  of  the  ineiturous   a-enes.     Since  in  this  oaee 

e  Liasic  stilts  arc  charnctenBed  by  a,  yellow  colour,  the  occurrence  ol 

e  decomposition  can  be  readily  recognised,     Nevertheless,  a  number 

sidls  of  thu  mercuric   type  iire  known,  which  can  be  dissolved  iii 

aler  without  sign  of  decomposition  ;  thia  is  due  to  special  pi-opertiaa, 

hich  will  Ije  dianiBsed  immediately. 

MriciirU  oxith:,  Hg<^,  ia  obtained  fiom  the  merciuic  salts  by  menns 
Boinblt!  Iinscs,     The  hydroxide  ia  not  known.;  it  may  thvi^efore  lie 
in  assumeil  th:it  it  in  indeed  first  fornied,  but  that  it  immediately 
■e&  into  ita  anhydride. 

Mercuric  oxide  is  a  yellow  to  red  powder,  the  colour  of  which 
lepends  on  the  linene?s  of  its  division,  if  it  is  precipitated  from 
Bold  solutions  it  ap]>ear8  yellow  ;  when  precipitated  hot  an  orange- 
Bolonrftd  ]>reci|)itatei  is  foi-med.  It  is  obtained  as  a  red  cfystnlline 
lowder  by  heating  mercurous  or  mercuric  nitrate  to  a  iiioderal* 
empei-ature ;  nitrogen  peroxide  and  oxygen  escape  (cf.  p.  G57),  and 
mercuric  oxide  reniaius  behind.  The  decompoaition  can  easily  be 
Eiade  coniplets  n-ithout  the  taraponittire  being  reached  at  which  the 
Dxide  decomposes  into  the  metal  and  oxygen. 

As  has  been  repcfiteilly  iimntioaed,  mercuric  oxide  is  alao  proiUiced 
iirectly  fi-om  raeircury  and  oxygeii  by  allowing  the  two  to  act  on  one 
pother  at  about  300'.  The  roiietion  is,  however,  very  alow.  In  this 
iLee  a  condition  of  equilibrium,  depending  on  the  temperature,  is 
elabliehed  between  mercury,  oxygen,  ami  mercuric  oxide.  According 
o  the  temperature  atid  preaaure  of  the  oxy^^en  the  reaction  «tn  be 
naJe  in  tsilift  place  in  one  or  other  direction. 

The  prcpitration  of  iiicrfiiiii:  mlrulf  hia  been  already  given.     The 
Muic   nitrate  which  is  procipttjited   from   the  sake  by  wtit«r  bas  the 
composition   Ug.ifNOayOIOj.     It  readily  dissolves  in    hydrochlc- 
ftcid,  forming  a  clear  solution. 
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The  eamo  holds  for  mtrnmc  sJilj-bitU,  HgSO,.  The  lnuic  dv 
which  is  olitaincd  as  a  yclluw  crystallino  precipilate  oti  irwiitiif 
the  normal  sitit  witU  wntor,  lias  a  correepoiidirg  cwin]K«iii"t, 
HgflSO/OH)^,  and  uTidef  the  tiJinie  '' hi-rpeth  wincrnl"  is  ;i]>i>lii>i  a 
merfieitie-  RecentLy,  mei-curic  Bulphut*  has  beCOIPe  of  IhiixirUfK?  ft>  I 
CHtalyser  for  the  oxidation  of  organic  substances  by  hot  siilpJiiirii'  iirij, 
boih  for  ixnnlj'tical  !»nd  technicul  ]»iirpoaea  (oxidation  of  uapliihalfiie 
to  plitlialic  iicid  for  the  prepjiration  of  artificinl  indigo). 

The  bchiiYirnir  of  tins  JiJihgeH  campc/uiiiis  i&  in  roarked  oontrMl  W 
that  of  the  mercuric  saJts  of  the  oxyacids.  So  fi>r  as  t\\cy  are  M<litbJi 
they  dissolve  in  wat*r  without  appreciable  lijdroly&is,  and  exhittit 
notliing  of  tho  ready  deconiposabtllty  of  the  above  salts. 

Tha  expliiniitiou  is  found  on  determiniiig  the  electrical  comiurtivitf 
of  the  Boluttons  of  these  BuhatanceB.  This  is  found  to  bo  very  ^%lil, 
and  it  follows  from  ibia  iha-t  wis  are  hero  dealing  with  wilts  wliicli,  iiii- 
like  the  preponderating  majority  of  such  aubatjiiicea,  are  not  gnvtifj 
disaociiLtcd  into  ions ;  they  can  exhibit  the  rcactiona  of  the  ionB,tbcn!- 
fore,  only  in  «  very  limited  tlegree. 

The  salt  which  is  most  disaocintad  is  mcrcitric  chloride,  Hgl'l. 
This  chlorine  compound  of  mercury  has  also  been  known  for  a  rrrj 
long  time.  On  account  of  its  poisonous  propBrtiea  and  ils  methix!  o! 
preparation  (by  the  sublimation  of  mercuric  aalta,  especially  tit 
snlphnte,  with  sodium  chloride)  it  is  called  corrosive  sublimate. 

Mercuric  chloride  is  a  colourlofie,  crystidline  salt,  which  h  modtt- 
ately  soluble  in  water;  it  has  a  considerable  density  (7-2),  und  ii» 
Holutioas  have  been  found  to  be  a  very  violent  poison  forbifjhffru 
well  as  lower  organisms.  It  is  therefore  extensively  used  in  medk'in' 
as  a  disinfectiint,  *.'■,  for  the  purpose  of  killing  tlio  aporca  of  hiirmfiLi 
BchizorayceLes,  and  such  like,  and  its  use  is  limited  ouly  by  the  fwl 
that  it  is  also  a  powerful  poison  for  tho  human  orgariiaiu.  SiiuH 
ijnantities  of  it  exercise  a  specific,  medicinal  action. 

At  205''  mercuric  chloride  melts,  and  boila  at  307"',  so  that  ilfflo 
be  readily  volatilised,  and  thereby  purified.  Its  vaponr  density  yield' 
the  molar  weight  271,  corresponding  to  the  formula  HgCL 

*  The  solutions  of  mercuric  chlonde  are  fairly  easily  reduced  Ui 
calomel.  Of  these  rediictione,  that  with  ojmUc  add  (p,  415)  i«  ol 
particular  interest,  ns  it  takes  placu  with  measurable  velocity  cikl)'  'H 
lig/ii,  wlnlo  in  the  darknc^  it  remains  practically  at  a  atuiid-itill 
This  reaction  has  therefore  been  ugihI  as  a  means  of  mt^asuiirig 
chemical  action  of  light  or  aa  nchamical  photometer.  It  is  reprciiei 
by  the  efpiiLtion  ->Hgt\  +  CoO,H„=2Hga  + -^CO.  +  2HC1.  Carl 
dioxide  and  hydrochloric  acid  are  therefore  formed  ii»  the  n-atliaa; 
counteract  the  action  of  ihc  latter  one  of  the  salts  of  uxabc  ncid, 
ammonium  oxalate,  is  xvnai  iuBtead  of  the  free  add.  The  indiw 
of  this  photometer  are  also  only  individual  {p.  502). 

From  its  solutions  meitime  oxidf  is  precipitated  by  soluble,  st; 
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)>ul  on  quantitative  investigation  it  is  found  tha.t  the  amount  of 
ipitJiLeJ  never  corresponds  to  the  amount  of  base  Ciikcn,  but 
Conversely  mowuHc  oxide  (iissolves  in  solutions  ol"  other 
ami  litiuiilB  are  pi-uduced  uilb  a  Htron^Iy  alkuline  reaction. 
due  to  the  fact  that  the  solution  of  inerturic  chloride  eontjiiiiifl 
little  dimcrciuion.  On  adding  a  baac,  i.e.  hydroxidion,  tiicre 
be  a  certain,  finite  concentration  of  tlie  latter  before  the  soln- 
\l\  product  iif  the  mercuric  oxide  is  reached  and  that  substance 
ipiljited.  On  the  othor  hand,  when  cidoridioii  is  addeil  tfl  an 
eous  solution  of  mereuric  -oxide  (in  which  the  presence  of  dimer- 
;on  and  hydroxidion  miiat  be  iissumed),  the  jfreater  jiarl  of  the 
i«n.-uiion  preaent  is  conTerted  into  undtasoiiiatQd  mercuric  chloride, 
more  mercuric  oxide  muat  jiasa  into  solution  in  order  that  the 
llnlily  product  may  be  a^iiri  eatnbliBhed.  Thia  process  is  repeated, 
i  when  ei)uilibrium  is  tiii:dly  reached  there  is  »n  apprecinble  amount 
byUruxidiiin,  fiont  the  nicrcnric  oxide,  present  in  th«  eolutioa. 

Mercnrir  eldoride  is  extremely  stablti  to  concentrated  sulphuric 
d,  ikjid  even  on  heating  no  evolution  of  hydrogen  chlorid'e  oceurs. 
r  is  it  acted  on  by  conecntrated  nitric  acid,  which  attacks  all  nlber 
iue  chlorides  witt  evolution  of  ehlotine  or  nitcoaj]  chloride  (p.  33ti). 
«  behavioui  in  both  cases  is  due  to  the  very  slight  electrolytic 
eocLttion  of  mercuric  chloride. 

Mf-rcunc  chloride  crystallises  along  with  the  alkali  chlorides,  form- 
g  toiupotiiids  wbkh  appear  to  occupy  \  position  intermediiite  lieiu-een 
e  i>rdinitry  double  salts,  the  cmnponeuts  of  wbicli  exist  side  hy  aide 
MlutiuR,  and  the  complex  salts,  the  iona  of  which  are  formed  by  the 
rion  of  the  one  salt  with  the  ion  of  the  other ;  that  is  to  say,  the 
lu  partly  cxiet.sJde  by  sid*^  iti  sollltKiHH  atid  lire  partly  combined  in 
e  above  cnmplex  compounds,  and  the  relative  quantities  of  the  two 
lli*nd  on  the  temperature  and  the  concentration, 

'  Su-ictly  spfftAin^,  snch  it  view  holds  for  nil  double  siill*  and 
ifflplrx  3alt£,  and  the  Hvojire  distinguisjhed  from  one  another  oidy  by 
1  fact  that  the  one  nr  the  otiier  greatly  jiredominates.  In  the  case 
!  the  ahflvp  miTcury  cotnpouiiJs  we  have  apparently  the  case,  which 
thiTwise  docs  not  frequently  occur,  that  the  two  portions  are  [ireeent 
InWu  e<|n»l  amounts. 

The  complex  aalts  whufe  presence  can  here  be  assumed,  are  the 
Ibli  talts  of  the  in erenri chloride  ions  HgCL'  and  Hj:CI^".  From  the 
►taliorift  uf  the  mixed  single  siiits  compounds  of  the  one  or  other  type, 
'■1-  KHgl.'l ,  and  K,Hftl_'I,,  arc  obtained,  according  to  the  eoncrntralion 
""idle temperature,  and  we  must  therefore  regard  both  as  bejjii:  preBciit 
njirtiiKr  in  iotntioii.  If  for  any  reason  one  or  otjier  of  theae  cnnipnunda 
TTile*  out,  ibe  fqiiilihrium  in  the  solution  i,s  disturbed  ;  the  com- 
(WUiiil  is  again  formed  at  the  expense  of  the  snljslnnce  present,  and 
^ou.  A  more  lhoi'i>ii^b  investigation  of  the  conditions  of  equilibrium 
lo  bo  carried  ouL 
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*   The  almve  reKlions  are  of  importance  for  the  applicaiina 
corrosive  suUlsmate  iot  [)Ur[.«j9()s  of  dieinfijcticii.     It  h»8  l«eii  fi 
thut   tli«  poiaotioiiH  action  of  the   mercury  siills  is  prnportinti:!!  |i 
tfonce  fit  ration  of  th«  diiifivurwn  pre^sent-     By  iLe  jidditioii  <ti  ntl 
cbinriJcs,    now.    thp    concentration    of    ihe    diniercuriori    Ij!    cltui 
tliuiitii^hett,  eithtr  by  the  formation  of  the  abi>vo  mentii-iied  couv 
ions  or  hy  the  dimitmtiun  of  llie  tlisaociation  in   consetj iience  o{ 
mass  action   of  tht^   cfcloriJion.     Thci   addition,  therefoi-c,  of  a< 
chloridu    to    corrosive    s»liliin;i.te,   whicli    ia   fretjuenily  m&dc,  al 
cnnses  fk  (iimiiuition  of  the  jtoisoiioiis  jwtion  Jia  compared  with  a  ««lu' 
tif  |>ui'L'  jtihlimate  ciiiitainiii};  an  equnl  amount  of  nici'cni'y,  ami  1,1 
n^ivssiiry  one  imist  1)L'- aware  of  llii.^  iiillui^rico  in  order  not  10 
tuit^tiikcs  in  estiiuuling  the  disinfecting'  power  of  :i  ^iven  soltilioii. 

Tbe  ftinnation  of.  the  cor  respond  in};  liijd)-<iinercurieMime  luid 
be  recoi,TiJsed  on  trentiny  nierruric  chloride  with  concen tmicd  liy 
chloric  acid.  C-wiisidenilile  .'imoiints  of  tli:it  t^ult  then  ]iiis8  into  solii; 
with  a  remarkable  rise  i-f  iem[H.'mt[ire,  and  the  solution  nn  InnjiT 
fumes;  it  therefore  eontiiins  ninth  less  free  hydroL'hlorie  :iciil.  llo 
cooling  the  innsB  solidities  to  crystals  of  the  composition  JlJlyClj, 

Myituric  chloride  unites  with  meixuric  oxld*  to  (oriu  cui!i])<iimili, 
•'ryhlrirvlM,  which  hove  Uie  general  forraida  wiHgClj  ■  nHftO,  in  whitli 
the  ratio  -lu  :  n  can  viiry  from  6:1  to  1  ;  2.  Th?  various  cnin|iiiuni|i 
arc  ulitainini  by  treiitin^  varying  umomits  <rf  oxide  with  nioic  or  I™ 
■cuueonlnitud  sohn.iniis  of  llie  chloride  at  different  tempera: urei.  Ths 
fiomjmnniis  com [»n rati vejy  rich  in  oxide  are  red,  brown,  or  black,  aimiB 
wren  violet ;  those  rich  iti  chloride  are  lighter  in  colour,  vnrjiu^  lu 
julc  yellow.  While  llic  latter  give  up  cldoridu  lu  wati?r,  the  futufr 
do  80  only  in  a  very  slight  degree,  so  that  an  uqiieoits  Buluiiori  iif 
mercunu  cliloi'iile  loses  almost  all  its  chloride  on  being  shakni  witli 
imerciinc  oxide.  This-  n-aciion  is  made  usa  of  in  the  |ire|iai'iiiiori  ul 
hypoi-hlorpiis  ni'id  U\<m  ■■hlorijii.-  water  liy  tncan^  of  iiierfiiric  oxi'lc, 

»'j67.  Mercuric  Bromide,  ir^'Rr,„  is  a  white,  teiy  aliyhdy  ioWlf 
salt,  which  is  very  similar  to  the  chloride,  nnd  c-iin  \te  rwi'lily  i'IjIhiiwI 
from  its  elements.  In  all  its  chemical  rtdutioii)ihi|is  nho  it  is  so  I'lrodj 
ttliBl&s-oiiH  to  the  chlondf^  that  the  prAcediny  descj'iptioti  could  h» 
r^'jiejited  almost  word  for  woi-d.  Its  electntly tic  di&soeiatioii  is  »ti'l 
h'ss  thiin  that  of  the  chloride,  its  tcridtney  to  form  complex  conijuiutdi 
j;reati'r. 

6titi.  Mercuric  Iodide,  HgU  is  a  red  suhstwice  which  is  onlj 
slightly  soluble  in  water  (1  :  lid),  but  rrndily  dissolves  in  ulcoholi 
from  which  it  se]>aral.es  out  on  evapomtion  in  rftd  [(uudratic  cmuii 
It  is  must  eiisiiy  obtained  by  rubbing  ntercury  and  iodine  uigMheriu 
the  pniiKirtioTis  4  :  Ti  by  wuiiiht. 

If  the  substttnce  \s  heiiteil  it  hccntnea  yellow  aI»)Te  136',  ]*«iiii)!  *■ 
thii  Willie  time  into  another  crysialline  form  ;  on  lieiiif^  kept  in  '!" 
told  it  iigain  changes  into  the  red  variety.      It  ia  therefore  aii  cnanti* 
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-iilislaiice,  Aiid  12fi' is  the  traiisiiion  tt-in|iemtnre  wliich  sepamtes 
i  regions  >tt  Btiihility  IVoiu  one  unothw  (]i.  257). 
'  If  ill  any  ii'ay.  howcvi-r,  &oIiii  merriiuic  iotiide  is  caused  lo  forni 
L  ■  to«'«r  t«iupemtiire,  it  ia  alwaya  ilio  yellow  form  lliat  fiist  «|ij)rnr8. 
his  is  nan  ui  the  most  striking  exnnijiloe  of  the  rule  whirb  has  often 
ten  mentioned  that  the  miatalilo  forma  appear  first.  This  fan  he 
wHily  uhserved  hy  precipitating  nierturic  chloride  with  u  .<io]iitinii  of 
DUusitiin  itwiide,  A  bright  yellow  precipitiiC^  is  first  (mmwi,  which  in 
(ew  moiiiL-iits  changes  into  the  red  one.  The  yellow  form  tiiiiintaiiis 
a  existence  longer  when  formod  hy  the  ]>rc'<ripitation  of  an  alcoholic- 
>laticin  of  the  salt  with  wnter.  In  con8«qiiL'nca  of  its  very  fine  state 
f  divisinn  it  ia  very  light  yellow,  almost  wbite,  in  colour.  The 
MiMTsioa  into  the  stiilile  red  form  is  gre&tly  accolenitcd  by  light. 
^Ii-.'ii  exposed  tn  sunliglil  iho  vc-sseL  with  the  li^ht  yellow  pre- 
i^UU  becomea  red  iji  n  few  miiiiittSB  On  the  side  turned  toiriirds  th« 
ipii-    _ 

'   Fiirtbei',  when    the    wd  suit   is  volatilised,   the-  VH|>uur  alw'uyg 

(mdenses  on  the  colder  portions  in  tht  yellow  form-     This  occurs,  w> 

■ktt«r  whether  the  vApour  has  been  fjenemtcd  ffoin  the  red  ur  the 

blow  sail,  which  shows  tliitt  the  distinction  between  the  solid  forms 

JM  nnt  exifit  tti  the  vapour- 

MiTciiriL"  iodide  is  ii  very  stahK'  cuniiHiiuid,  which  is  scarcely  Hltii(.-ki''d 

dihiK!  solutions  of  tbo  oiiiinary   rtfjvgents.     This  is  due  to  tlio  fact 

1.  it  is  even  luss  dissotisteJ    intu  its   ions  than  nicrcnric  chloride 

On  the   other    hand,  it    is  fotroed   with  i-xtrenie   ctiae  from  it« 

BUUtU(>llt«. 

Mercuric  ioflide  forms  very  stable   complex  compounds  with  the 
idire   mmpoinids   of   the    other    iiietals.      These   will    be    described 

KM. 

The  behaviour  of  nirrciim  Jiuoriile  is  in  striking  eonti^ust  with  the 

HebilJty  of  inerciirie  chloride,  hiomido,  and  iodide.     Mercuric 

H  is  tnie,  disBolvcR  in  excess  of  hydrotliioric  acid,  hnt  on  diluting 

u>liition  with  water  a  basic  salt  of  ayellow-  cnlniir  is  depoaited,  and 

tbii  is  treiited  with  further  quantities  nf  water  pure  mercuric  oxide 

ins  behiii'I   fri'C  from  Hnorine  compounds.     This  is  a  lieli.-iviour 

ulinr   to    the   oxy-salts   of    mercury,   and    showe    tlie   considerable 

'n«ion  of  lbi<irin«  frntn  the  other  lialogens  {p.  i!42), 

6li!t,   Herctiric    Sulphide. — ^Vhik'   a   sulphur  compound    corre- 

ig  lo  nierc'iiniud  oxide  ia  not  known,  the  eomponnd  HyS,  eor- 

iing  to  inercuric  oxide,  is  a  very  stiible  substance  which  is  readily 

lej.  f«-eiirs  natiirnlly,  and  has  long  boeti  ktiown. 

*  If  the  eoJutioii  of  a  jii'-n-urtias  salt  is  precipitated  with  eidphiir- 

dhydrogsn,  a  black  proeipitatc  is  indeed  formed;  but  on  investiga- 

itbis  ia  found  bu  be  u  miicture  of  inercunc  sulphide  and  uietalU<L' 

rjf.     It  ran  be  assumed  that  the  merciiroiis  sulphide  first  formed 

into  tlicBfl  lw<j  substances  :   HgjS=  HgS  *  Hg. 
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Mercuric  siilpliklo  ie  obtairicii  us  a  lilack  powder  liy  Irituralirifc  tfc 
two  com[""tii>p lite  tcigylliier,  Jl  is  ulso  ubLaiiieil  hy  tlie  pi-ei'i [iitaliun  o 
TiitR'iirie  coDipHiiiiiila  ■yritii  sulplmnel.tL'd  bytlrngen.  In  this  t-nnt-  ji  i 
ijiilill'ereiit  wlii'tluT  tlit'  eriliiiif>ri  rearts  iir-id  or  nmurn],  siiiw  miTi-iim 
sulphide  is  cxLremely  diHit'iLll!)'  suliilile,  iiiid  ita  precipilalioii  is  chow 
itire  uot  appreciitlily  affet-ted  Ijy  ac^ids.  Fraiii  the  otUer  mftiJBf 
siilphiiLes  it  m  Uistiiiguir^hixl  by  tlic  fact  tli^t  it  does  tint  hfive  Uc 
least  tendency  to  oxidiec  hi  tiie  iiir.  Ir  is  ii  iiim-h  more  KliMt 
i:i>mpaNnd  tlian  mercuric  suiphale,  ■which  coukl  be  prodiitttl  }iy  Ik 
oxidation. 

Ill  nature  mercuric  aiilpliule  occurtsiii  conijxtratively  large  qunnlitii 
It  constitutes  the  itjoat  iuiportiint  ure  of  mereury,  and  is  called  nrt*-! 
hut.  Pure  cinriftbiir  crygtrellises  in  red-grey,  hexayuwikl  niii^es  with » 
metallic  lustre,  and  on  lieing  ground  yields  ii  powder  of  a  Hihj  rei!  Liikmf.' 
It  is  another  fonii  of  niereuric  sulphide;  the  Mtkck  product  niit]  l»; 
rei;ai"dL*i|  us  amorphous. 

From  the  fiit't  that  the  hijitk  form  vas  first  produced  lu  li 
tioii  of  mercuric  sulphide,  it  can  be  concluded  that  it  is  the  l<--.:    ...... 

and  the  red  crystalline  form  the  mors  stable  variety.  Thi»  fwll<in, 
from  the  apontaneoiis  tr,iiisfor nation  of  the  former  into  the  latter,  H 
a  solution  of  alkali  sulphide  (in  which  nier'-uric  sulphide  h  «iirm'«liil 
8uliibk-)  is  poured  over  the  bliick  mercuric  snl[thide,  red  *p<it»  wt 
forniud  fifter  som*  linie  in  the  bWk  mass,  and  these  coiititiiio  lognr 
until  the  whole  ma9.ii  has  become  red,  i.e.  !ha,&  beeome  converted  inlni 
the  orystidliiio  form. 

The  more  stable  red  form  ctin  also  ha  obtai[t(>d  by  the  alow  luly 
limatiou  of  the  hliK^k  sulphide. 

*  Beiug  the  lesa  stable  form,  the  black  niercuHc  sulphide  murt  be 
more  Bciluble  in  all  solvents  than  the  red.  If,  Iherefore,  the  liqiiiJ  •• 
saturated  in  respect  of  the  hhtck  form,  it  is  suporsaturateil  in  reBpoS 
of  the  \ma  soluble  rod  form,  and  if  any  of  the  red  form  is  presentof 
is  produced,  n  further  quantity  of  the  red  sulphide  miiai  there  4t']tanl« 
out  Tho  solution  tbersby  becrjmoa  unsaturaited  in  rusiu'et  of  tlio  Mini 
form,  and  a  further  portion  of  this  is  diaaolvcd.  In  this  wiiy  prBH'ijiitfr 
tion  and  solution  are  repeated  until  the  unstable  form  hus  eijiiiplrtui; 
diaitppeared.  Traiiafonnations  of  this  kind  ai'e  therefore  geiiorsli/ 
aeceliiriitcd  by  solvents,  since  these  act  as  intcnnediuriee,  wln'rau 
otherwiae  only  thoae  portions  of  the  two  forma  which  are  in  dir«l 
contact  can  inrtacnfc  one  another. 

On  account  of  its  fine  colour  cinualjar  ia  uacd  as  a  pigment,  In^ 
however,  not  very  atidde  to  light.  The  two  forms  of  merenric  Kiil[ihifl« 
are  not  appreciably  wdidde  in  dilute  acids,  and  nitric  wid  uleo  k  "i''' 
out  action  oM  them.  They  dissolve,  however,  in  iiquii  rcj^ia  or  oil* 
reagents,  which  evolva  frto  chlorine.  TJiie  behaviour  ia  dn«i  d'  i'" 
slight  stability  of  the  oxygen  salts  of  mereury  nud  iho  grejit  swidli'j 
of  the  halogen  coupOMnda.      This  is  made   uae  of  for  tho  aunlyu* 
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uloiiretl  sultsUnoe,  whifh  is  not  nietallic  silver,  a*  it  dues  not  diBsoive 
n  dil«t«  nitric  wcij.  It  has  reciently  been  shown  tdil  silver  snU- 
Ei)lnride,  Agj(_'I  or  Ajji^CI^,  is  here  ffjrmed,  ivliich  can  lie  a^idii  toti- 
piTt*d  into  silver  chlonde  by  menns  of  chlorine.  Under  tlic  influence 
if  Ui«  light,  a  ilecum position  of  tho  silver  clilorido  into  sitb-cliloridt! 
ind  frev  chlorine  OiCi'iirs ;  eqiiilibniin  is  £!Btablisli«d  wlicn  tlie  t-oiic^n- 
mioii  of  (he  diliirine  in  iTjnliict  with  tlieso  l\y\t  siibalitnces  luia  reached 
t<l(ftRitc  value.  This  value  is  ull  \\w  greater  llie  stronger  the  li^'ht, 
imi  lH.'com<.'»  variishiiigly  anjull  in  ilai*knL\s!>.  In  tho  ca^e  of  thiti  ei|iii]i- 
riiiin,  therefore,  the  slrength  of  lh«  liglit  plajs  »  nMe  similur  to  thnl 
if  temiierntiirB  m  the  decoin|iosition  nt'  calcium  carbonate  liy  heat. 

U  tie  decom |30Bi tion  is  ciirried  out  under  BUch  conditions  that  tht> 
bloriiic  cAu  pass  into  other  conipourids,  it  is  unlimited^  .itid  occurs  in 
ropurtioii  to  the  strength  nf  thu  light  and  to  the  time.  The  use  of 
Jspr  irhlirifle  for  mnlcin^-  cojnes  oE  |ihi.)togra|ihie  ne^ntives  depends  on 
lis.  The  liinding  of  the  lilierated  chlorine  ia  effected  by  the  organic 
nti|>uuiide  (vliich  »re  .ihvnya  prfsi^nt, 

■  The  action  of  light  on  silver  chloride  takes  place  more  slowly 
lui  in  the  cost*  of  the  other  halogen  compoiinda  of  silver.  It  is  there- 
in not  iiwhI  for  taking  photographa  directly,  as  it  is  not  eutlicientty 
ineitjvv  fur  thia  imriiosc 

•  Iti  the  ease  of  silver  chloride,  it  is  the  blue  and  the  violet  iwya 
at  ^xliiliit  the  great'-st  chemical  activity.  Tho  region  of  active  rays, 
B"ever.  ean  he  ebiftad  lo  a  considerable  extent  by  the  {ireAcnce  <rf 
Llitr  9ubBtiLiice&. 

Stiver  ehloride  is  the  form  in  whicli  ehloridion  is  ideiitifi»l  and 
ttiiiuited  ;  the  cstioiatioii  is  etl'ected  bv  iidding  excess  cf  gjlvcr  nitmte 
I  the  sobitioci  in  <]ue»;tioti,  and  filtering  off  and  weighing  the  silver 
ilvri'ii'  ])rodiiccd. 

Conversely,  silver  can  be  estitnaleil  in  the  form  of  ailver  chloride. 
ki«  metbod  hna  been  elaborated  icliicfly  for  tbe  cstiuiiitiQn  of  this 
Jcul  in  hiir-sihcr  in  govcmracntal  mints.  Tbe  method  ia  carried 
It  by  diss'ihing  n.  wetgln-d  aoiMUnt  of  tbe  metal,  ami  ^d'Hng  a  solu- 
.Of  sodium  chloride  of  ktgoun  strength  nnti]  a  ]>rcci]iitiile  ju»t 
Ui  be  protlu*cd.  The  property  of  silver  chloride  of  coheriog 
;eihpr  renders  this  method  possible :  for  a  solutiou  which  still  con- 
itiiHB  erws»  of  silver  chloride  can  be  made  ijuite  clear  by  shaking, 
tbo  silver  chloride  form»  into  flakes,  vhtch  in  a  few  momenta 
k  down  and  leave  a  clear  liqtiid.  It  is  easy  to  see  if  a  turhjdity  U 
uduc«<I  in  tbis  on  the  addilion  of  sodium  chloride.  This  is  hinori- 
tlly  th«  first  case  in  which  the  method  of  volumetric  amalysis  {p.  190) 
to  claboratetJ. 

Silver  chloride  acciimiilales  from  many  chemical  analyses  ;  tattb*ft, 
jia  a  form  of  compound  Into  which  other  ailver  compounds  can  be 
«dily  convert^  and  in  which  silver  can  lie  sep&ratecl  from  other  anh- 
The  need  often  ariaes,  therefore,  of  again  preparing  metallic 
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of  oMaining  cyjuiogen  giis  {p,  418).  In  this  proeoas  a.  portion  nf 
cjiinogen  nlwiiya  stpiirates  out  iu  the  polymerised  Condition  as. 'i  bi 
Urown  powder  of  jiiiracyanogeii . 

If  the  Bolutioti  of  mercurio  cyanide  is  mixed  with  that  of  an 
cyanide,  &  considerable  evohitioti  of  heac  occurs,  wlitch  indicalM 
formation  of  a  new  compound.     This  can  also  tv  olniiiiictl  in  the 
state  ^  tlie  poussiiim  couipinnid  has  the  composition   K;,Hg((.*Nl'^ 
i§  the  potaasiMTn  suit  of  ;i  tuercurU'yanidion  Hg(CX}j",  n-bich  is  sii 
in  com[)osilioii  to  the  nickelcyiiiiidion  (p.  627). 

The  correepoii'tiiTig  Mcid  HyHg(t'N)j  is  wot  very  stable,  Init  i) 
poses  readily  into  nicrciirir  t-y:»ni(ic  iind  hydrocyiinic  jicJd. 

671.  Complex  Compounds  of  Mercury,— A$  might  bo  oxp«id 

from  the  sljyht  disswialiuii  of  the  h;ilo^e!i  coiiijKiiinds  of  uii'iciiry.  t^w 
metal  has  a  ^roat  tendency  to  form  i^nmplex  compminds,  the  ftqiifwa 
solutions  o!'  which  co-nlain  dimeruiirion  only  in  extremely  small  jimmint, 
and  in  whi«h  niorcury  ffij'm.s  a  component  of  more  com|ilex  i«ns  oralu 
Such  complex  com poniide  arc  met  with,  cm  the  one  hiirid,  in  the  ci» 
of  the  halogen  derivatives  ;  tm  tho  other  lifind,  siil|fhiir  and  iijttw^fii 
alan  have  the  power  of  fonning  mmiy  anch  compound?  with  rncmin'. 
On  awount  of  the  large  numhei-  of  such  suhstiLticos  those  niiniit 
lie  treiit«(i  oxhanstively  hero,  anil  the  clniracterisation  of  the  uiuil 
i!iii|jnrtant  types  must  suffice. 

In  the  first  place,  the  thieo  heavier  liiilogens  furm  such  coQi)ii« 
compounds^  the  Ktihility  of  which  inci'eaBes  with  the  ctiroliining  wi'wLi 
of  the  lialo;;eii3.  The  most  importnnt  type  rejireseuteil  here  i»  ih*" 
of  the  halogen  mercuric  ion  Hg.-Vj",  where  A  denotes  the  hnlogeit  h 
will  be  autRoieiit  if  we  deacnife  tin-  ndrttions*  in  tht*  cjiw  of  tli* 
iodine  compoimd,  which  is  the  most  ytalili-,  and  wliieh.  on  accniiniiif 
the  difiicnlt  Hiiliiljility  of  mercuric  iodide,  givee  risfl  to  th«  most  rcMifn 
understood  pheiiomenu  {cl'.  p.  Cri). 

Mercuric  iodide  reudtly  dissolves  in  ai|tieoiis  solutions  cuntniniBE 
iodidion,  nnd  it  doys  so  aII  the  more  ahiindantly  the  more  coiicentralal 
the  solutiouB,  On  diliitiun,  niurcnnc  iodide  is  prrcipitalcd,  Iml  'lif* 
always  remains  iii  tht-  sulution  iiither  nmru  of  it  lli.-in  (^ori'esfxiriih  w 
tin.'  relation  Hgl„ ; ;;!'.  The  solutions  m-e  pule  yellow  in  ri>t"'if. 
exhibit  none  of  the  relictions  of  meiTUry,  and  purtly  yield  tii^r  run*- 
sjwndirtg  Saltfi  in  the  solid  stiite  on  evaporation,  f.'j.  the  putiuHiun  »" 
K„HgI, ;  ihpy  contain  the  complex  anion  Ugl^"- 

No  mercuric  oxide  in  precipitated  from  their  solutions  hv  l«* 
adilition  of  strong  bases  ;  on  the  other  Iiiirid,  meituric  oxide  dt*9ulv» 
abundantly,  foi'vx;iniplo.  ill  II  aiilnlion  of  potna.5ium  iodidr  yi<>Iiiir?" 
solution  «'ith  a  strongly  alkaline  reaction.  In  ihis  vmo  the  reiu't'"'' 
4KI  +  HgO  +  H20  =  l';„HgI,  +  :iKOtI,  or  wiitittg  the  iont,  H* 
HgO  +  H30=  H^I,"  +  20H',  takeg.  place  to  a  large  extent.  Siwh  »" 
lUkitline  solutiotv  of  jH-l'i'VtKim  mcmnir  Hxli'lf  is  used  under  thi-  '"""^ 
of  "  Nessler's  reaycnt  "  foi'  the  detection  of  amall  traces  of  amiuon"- 
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aetun  is  therefore  produced  on  the  p)lat$  in  '\vhkh  the  bi-igtit  parts 

nouin  iL  (Iciise,  ihu  liark   |>;Lrts  :v  slight  nr  no  iirecipitiitc.      If,  aft^r 

3iilHd«tit  di^vclojuiient,  tin)   ri.'nijutiiu^'   ailver  bi'omide  ia   i-einoi'«(l  by 

4iwolviii^   ill   -^(nliiuu  thiosiilphiite,  a    "iiegativo"   is  obtajii&d,   i.e.   & 

lirtiiti^  wii.h  o]i;iijiie  hi^h-lights  and  transparent  shadows. 

Oil  what  ihc  |)iu[ieity  uf  tlie  illuminated  silver  bmmide  of  iicing 
■tore  quickly  ratliiu-*d  depends,  is  atil!  somewhat  a  iimtter  uf  dispute. 
By  far  the  mi>«t.  prnlmblc  view  ia  that  undur  tte  action  of  tlie  light  an 
iDnpteot  rtvluption  iici;urs,  ami  tlieveforfi  a  pictur-e  nf  silver  aiii>briiniide 
piii»u  fveii  in  the  iitidL-vt;lupi!il  [ilatc,  attd  is  iriviailtk-  oidy  on  accnunt 
oi  it*  itnftll  <lioiisity.  Ttiia  is  eoiilii'iiied  l>y  tSi«  fiiiit  tbiit  by  CrftiLtmeut 
tilh  free  bcfunine  or  any  other  tixidising  agent,  the  "latent"  picture 
iiinaije  u>  tlmi|>|>e)ii',  i.^.  ilii  power  of  being  (toviilii[Hid  ts  deBtroyod. 

The  d«Vfllupmuiit,  iiow,  depends  on  the  fact  chiit  ii  supcrsivturutttd 
•duiirju  of  silver  is  fiMjjbieed  by  the  reducing'  liijiiid,  from  whii.'h  metal 
it  il«j>ni^itcd  lit  tlinse  [y.iita  M'iiere  there  are  H.li'ejidy  nuclei  of  silver 
preeeni  (p.  tMi2).  The^(!  are  prosumably  formed  by  the  developer 
fnia  the  ruatJily  reducible  aubbromide. 

6a.  Silver  Iodide,  Atrl,  i»  ulso  imiuediiitely  fornititd  when  its 
Ma  come  togeibej;  and  of  the  three  liati^en  cuiii{.>ouiids  of  silver  it  ia 
hf  f*r  the  most  difficultly  soluble.  It  is  a  yellow  powder  wbicli  is 
•Sssolvud  "nly  i»  tnwea,  even  in  amnioiiiii,  iind  rtqiiires  uomfwirfttively 
Ut^nt  HTutiutiLi  of  soilium  thio«ulphiite  for  its  solution.  It  readily 
ihKolvoa,  li'uvever,  in  potassiuai  iL-yitnide.  Tliiy  provMi  that  thi-  fon- 
Kitlntinii  o!  ur)i:enlioa  is  relatively  grt^atest  in  its  eoiuplox  ammoiita 
lui&|ionud.  is  sinikller  iu  the  thiosulphate  compound,  and  is  smallest  in 
Uk  cyuniigen  eonijKiund. 

•  Silver  iodide  waa  formeiiy  ehi';fly  used  as  photographic  8ub- 
iUuic«,  and  this  bi.th  for  thu.'  niothix!  uf  Dagmsrre  (the  first  real  pholo- 
nphic  niL'thixl)  find  for  the  later  '-o/hdi'iti  fU'rfttSf   which  ia  still  in 
DM  for  pjirticulfir  purpo»«es. 

'  The  method  of  D;iguGt'i'e  depends  on  the  fact  that  the  "develop- 
int"  nf  an  exposed  silver  iodide  plute  is  accompli  a  hml  by  exposing 
\iu  illumifiated  plnte  to  the  vapoure  of  piureury,'     A  plate  of  silver 

'  Th*  hiitnty  at  Ih^  duMiv?r>'  of  xtiU  mi'tlii:HL  is  initrHQtlve  ;  It  U  rvlati^>t  m  follovs. 
tksBSTT*  Imrl  Drsi  4Ht'i(i|il«it  to  uUli-*  iliTtKJily  the  blittlieninn  of  iMver  iinli.k'  in  light, 
Mt  li*il  iliTi^'l«cl  liis  i.'IT-irls  lo  |ire[i^i.ri(iE  t1ie  liiy«T  iii  sucli  a  wnj  thnt  Chi>  blutkeiuug 
kMU  oixur  HI  qaickly  a»  jxMsiblv.  Ol  oiii;  noun^oij  Iil-  1i«i1  jiixt  Ixfguu  to  take  a 
ictorr.  bnt  hail  I<>  iaterrupt  bU  work,  itii<l  niiica  no  l>lB<;keain;i  bnil  &s  ;et  luailc  iti 
VsraucY  on  th-.-  |>kl?.  tiu  iuteuilMl  to  usd  it  foru  Turtber  Bxpariiueiil.  iwd  p'liiccil  it 
Kirttat  is  i  'lark  prc-s^  Next  iiy  he  huwl  tbu  picl<(rv  i>ii  tli<^  plate.  He  wu  soaa 
Ue  Ia  &««ur«  tiiii^^irllT  that  n  picture  W[L4  always  proi.lUf^ed  whtki  hv  placer]  a  plAte^  iiftAr 
,4kon  eipnjur*,  in  lliu  pnm,  liiit  wbk  iiniiware  as  lo  wliith  orF  the  raljjscts  preiieal  in  tbe 
Bfibuafk!  pni.liii'nl  lliid  effect.  He  tlierefore  rBiiiovcil  theip  objis^U  (itie  alter  the  othtir, 
Di  ntlll  xlway*  olitsiiiMl  pknire-i  eyvu  wb^n  the  cu|iL>our>l  wils  quitu  empty.  In  other 
B)ilttnl>k  uiiilvr  t1u>  wuue  conrUiioua.  du  pktiirc  was  pnnluci-tl.  Fiuolly.  he  dUuqicreil 
war  lu'iv-ury  ii\Mi  Wl  t>uf  ii  ^I'ilt  iu  ttiB  Jnbta  of  tli«  wp<iiU  uiiil  au  niilung  llii'  nppio- 
itirlitiBiil.  hi!  foiind  thnt  llic.  pioture  wb-  Je^'alopwl  by  b«irig  kfl  over  niotillic 
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firamuniura  is  reiilnced  Uy  menniry,  only  tlwt  in  tliis  case  un*  caiubia 
weight  of  mercury,  on  account  of  its  f)iv,tleiic}',  replatea  two  tombi^ 
weiglits  nf  hydrogon.  From  these  cnnaiderations  wo  obtain,  in] 
first  tiifltaHce,  tlie  following  cations  ;  — 


DimcrvuramtnaDian 
M  i^rv  iiranLiii  CD  i  on 
Meri?iirclJ9Tiiiiionioii 


Til    the 
ammonium 


case  of  dimercnrammonion,  nil  thu  hydrogen  of  itn 
is  replaced  liy  mercmy  ;  in  mdrcummniyjiion,  only  liw 
half ;  iiiid  merciirdianiiHouioii,  finally,  correa[iomls  Ui  two  comliim;^ 
weights  of  ammonium,  which  hfive  together  Inst  two  hydrogens,  tbn» 
having  been  reijlaced  by  une  c-nmliiiiin;,'  weifjIiL  of  uieM:ury, 

The  tydroxido  corresponding  to  diiiiert'iirainmoNiiiiii  i^  ohLiirirtI  wB 
alluwiiig  finely  divided  mercaric  oxide  to  stand  under  runceiiUiWd 
ammoniiL  noUition.  Without  jipparenUy  any  yroitt.  diaiijji'  tuking  pke 
— the  colour  unly  becomes  Homewhiit  lii^hter — llien-  uccurs  the  rencliiia, 
;3HgO  +  NHg  =  Hg,N(OH}  +  H.,0.  The  hydrnxida  prodtK-wI  Halrart 
insoluble  in  water,  explndea  on  being;  heated,  and  fm-ms  with  mvi'A 
the  acids  }'>i!ll»w  tolvrowu  c-olmu'ed  suit.",  wLich  areailtio  ultnmt  inwiithli 
Of  these,  the  itnlitlr  is  tbu  lieat,  known,  iw  il  i,s  formed  jie  n  brofl 
precipilJitLi  when  aninimni.i  isjxidod  ttt.'tn  alkaline  eotution  of  putaaiiffl 
merciin<;  iodide  (p.  '>7H}.  £\-t'n  estcemel.v  aiimll  .inmurite  of  itimuanw 
can  in  this  way  l>e  dcteetL*d  by  the  yellow-hrowii  cnlaratiuii  of  lie 
liquid,  and  thiH  reaction,  chIIlx)  liy  Uie  nam'.'  of  its  diHCovcror,  ti* 
Nesslrr  readiim,  is  used  both  for  the  dotL-clion  Jind  llic  aitproxinnu 
eatiniatvnii  of  very  small  amoiinls  of  ammwniji,  sudi  a^^  occur,  W 
exjiniple,  in  the  ordinary  wuti-r-supply.  For  <iiiajitil;itive  |)nrj>o»w  ilit 
coloralioii  whiuh  is  ]»roiluced  liy  llic  iiater  to  he  iiivueti^'nled,  is  cuBi- 
pai'L'd  witli  a  Aenes  of  colours  jirodueed  by  known,  graiiatmi  uiulhuiB 
of  ammonia  (in  the  form  of  very  dilute  eohitJon  of  amm^njimi  chlofii^O 
under  the  same  conditions,  m 

Of  tho  two  other  types,  the  chlorine  componnds  4r«  the  H 
known  :  they  are  formed  by  precipitating  solutions  of  mercuric  clilxniw 
luider  different  cmiditions  witb  alnnninia,  If  a  solution  of  the  iiim'iiT.i' 
adt  is  a<]d6<l  in  the  cold  to  C-vceas  of  dilute  animmiifi,  im rnmimnmi'" 
r.khinik  ngH.,N'Cl  is  precipitated  ae  a  whito  suhatanvc  whicb,  on  being 
heated,  sublimes  mth  decom[>osition  without  previous  meking.  Tl* 
aublimat*  consists  chiotiy  of  tftlomcl,  while  a  mixture  of  nitrogen  <»t 
ammonia  usoapen ;  the  latter  geiierally  blackens  the  siibliniat*  ■"! 
calomel;  6^gH„^X'l  =  0HgCl  +  4NH,,  +  N„.  This  compftinni  « 
formerly  used  :m  a  medicament,  and  was  called  iiifiisihk  jn rcij<i!'itr.  V 

If  tho  ammonia  is  allowed  to  act  on  the  mercuric  cid<*rid('  in  h"* 
solution  in  the  presence  nf  much  ammonium  chloride,  a  Iii)uiJ  * 
obtained  which  is  dear  when  hot,  and  whieli  on  cooling  deposiu  Mn»" 
crystals  of  a  while  isalt ;  tins  is  the  iihloriJe  of  iiinTiirdi<u>iniotiiiir«,»'"' 
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V,  therefore,  the  forniulu  HgK„N„CL.  This  formula  cajj  be  i-esolved 
jto  mercuric  ehloritle  plus  iiuiinoiiiii,  IlyCl.,  +  3NI]^ ;  tlic  complex 
Itnro  of  the  salt  i^  howevi^r,  seen  from  the  fact  that  it  does  not 
Ftilve  any  ammonia  witli  ji  solution  of  twiistic  potash,  and  ia  only 
InimpoMil  In-  this  reagtnt  on  lieing  atruiittly  henteJ.  Siii-ce  on  biding 
IiumI  the  salt  melts  to  a  cleir  yellowish  liquid,  it  ■wne  cailtd  fimhh 
fijnl'itr  to  distingiiislj  it  from  niercnriiitirafiiiinin  chloride  or  infusible 
sripitate. 

Besides  iho  alwve  compounds,  there  are  others  belonging  to  the 
imania.  series  which,  however,  will  not  b«  nientioned  here,  ha  they 
«e  at"t  I>e0ii  inve'ititjate'i  in  suHicieiil  di.'l;iil, 

673,  Oilier  Complex  Nitrogen  Oompounda. — Another  complex 
iKory  baIi  i;ontainiiig  uili't^g-en  wliicli  nm-it  W  mentioned  ia  potwssiutn 
ffcurinimtf,  K.,H^(NO„),,  which  ]«  ohuiiied  by  (tissnlvin^'  mercuric 
td«  in  a  solution  of  f»ot»Bsinm  nitrite  (whefchy  thoro  is  an  evolution 
ieat),  and  destroying  the  biisic  rciiction  wJtli  acetic  acid.  From 
I  solution  A  tinely  crystalliue,  bright  j'c-llow  suit  is  olvtainfld,  which 
(  the  ahove  compositioji,  and  is  readilv  aolnble  in  water.  The 
[litiou  is  neutrnL,  and  <ini\  Ix;  boUtid  without  (lecomfKisitiou :  it  doi'S 
t  exhibit,  therefore,  any  of  the  hydrolysis  of  the  normal  mercuric 

Fuither,  mercury  enters  extromely  rtsulily  into  organic  corajxiUTida 
atjuning  the  imiid'  grouji,  NH.  The  substances  prodwced  do  not 
hihit  the  reactions  of  mercury,  and  tbt^refore  contitin  this  element  in 
)niu|}lex.  Since  they  belong  to  orjjanie  chemistry,  however,  the 
Ik-meiit  that  tlicy  are  characteristic  of  nierenry  miial  siiHice  here. 

I'omjinuuda,  furtlmr,  conlJiining  the  amide  group,  'SH^  show  these 
Dptrtics,  but  in  a  less  degree  than  the  iinido  compounds, 
■  To  this  e!ass  ako   belong   the   cyanogen    compounds,   cojioeraiiig 
hch  the  ncccissarv  informatiij'n  has  nlrcndy  been  given  (p.  tI78). 

fiT4  Complex  Sulphur  Compounds.— The  c«ndeney  of  the  two 
lUiL-iil*,  suljthiir  and  mercury,  tu  conihiiie.  which  in  disclosed  in  the 
Bit  stability  of  mercuric  sulphide,  asserts  itself  also  In  the  forraatitui 
complex  compounds  on  allowing  the  lower  nxyacids  of  sulphur  imd 
Bfcary  romfHjnntls  to  come  together.  Tims,  mercuric  oxide  dissolves 
rtbeaorraal  alkali  salt«  of  sulphurous  acid  and  tbioanlphuric  acid, 
ilh great  ri«a  of  temperature  and  proiliietion  of  an  alliiiiitie  reaction; 
\\ht»»  two  salts  most  of  the  othi^r  difficultly  huiuMe  salts  of  mercury 
IE  »1jo  rcjwlily  soluble.  The  ciiuao  in  huth  cases  h  tn  be  fnnud  in 
w  (lisftppeaifince  of  dimercurism,  owiiij;  to  the  formation  of  a  complex 

By  dissolving  mercuric  oxide  in  polfln'jsium  sulphite  and  crystuJIie- 
k,  liisre  is  obtained  the  salt  lv.,[-lg(S03),.,  which  is  the  potassium  salt 
faiBrcmiaulphosion,  Hg(SO.,)/;  potaeftiutn  dydruside  is  also  form<jd 
I  tW  suuie  time,  and  fitniains  in  the  mother  liipior.  The  exist- 
teof  this  salt  in  the  strongly  alkaline  lic[uid  is  sutlicieut  to  9how 
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ilut.ioa  (if  tlie  complex  bbU,  however,  the  cunctntnttiuci  «il 
tt  ■       _  n  IS  s:U  smulJ  thjit  this  direct  reuctidn  duca  not  iteeut  Lui 

extVDt,  and   the  depuration  of  eilvcr  tnkea   pUc«  aal v  (m 
Um  «lMCttf  (.-iirrr-nt. 

*  'Jn  wMnawfaripg  the  fDnniila  of  putudgiiun  argeNEicyniiiik 
K  *?''*^',  it  is  sBBii  llint  tbe  prixluet.  u(  tlactrotysis  ^hmilil  he, 
M  itanfl.  pobt^iuin,  nnd,  on  th&  other,  llio  iJisL-liargud  iiiiiL'D, 
A^  I  ^  _-  hi^ti'iiil  of  this  silver  appeara  at  the  cathndc.  «nil  lli''  sniwli 
(««(;.i.i.jiii;  .'1  rilvef)  diasolvos.  We  axi-  ilealins  in  >Mi(h  tiisi-*  vfili 
»u-43ilB«l  Mnmtlitiii  reactions. 

*  'HhB  5e|«iwtion  (if  polrtssion  4t  the  cathode  Mould  re>iiii 
mmmk  lug)wr  ptiteutial  thftn  that  of  argtintion,  in  spite  of  the 
I  iiinntrarinn  ot  the  latter.  Th\ta  the  conduc^cjon  of  thv  uurrent 
Glw  «lMtnilvt«,  it  is  tnie,  h  effected  as  far  as  the  cathoiie  l)V  jxi 
Ths  tnMHiirence  of  eltijtrieity  at  tht-  withode,  however,  occuj-b  not 
tkadixlMrge  of  pouissiun,  but  ijy  thitt  of  tlic  jir^eiitioii.  Ti^rn 
iku  imIMT  <nn  also  he  e^cjiresscd  by  saying  thut  |ir>t.Hi^3iuiu  tf 
•iMti  fnnaai.  but  at  once  undergoes  dotible  dccomjxi&itioii  with 
««lt  [trcseiit  with  aepumtioii  of  silver,  accordirg  to  the  «<|iMtii.n 
K  '  t  V  K  =  Ag  -I-  3KCN..  Silver  and  potJueiuin  cyjiniJi*  -.o* 
tl  med- 

*  At  Ltit-  aiioiie  thff  ion  AgfCN)/  is  dischnrged,  and  iwu  on  ilir 
iTTnll'"  ^Iv(!r,  silvvr  cyanide  being  formeii  according  to  the  tHjurituici 
Ag  -  Ag(*.'NU'  =  -A^N,  This  ie  at  once  diaaolvod  to  [miawiiitn 
Uf.»..i.fT...-\T.jdi'  by  the  excess  of  potassiiini  cyanide  prcsi.inl«  ftrwi  llw 
«.  :i  i>£  the  latter  ia  again  made  good  by  the  [X)ULS9iuiu  cyHiiiil(( 
«4K,u  w  lormed  at  tbe  cathode.      It  is  necesaiiry,  however,  u>  kwpihe 

in  nwrsmmit  iwi  othenvise  the  piita.s8iuiii  cyanidf  would  ncciimn- 
tU  tbe  catboiie,  and  would   hindiT   the   aepiiratlon  «f   tlie  sii^er, 

«hih  «t  the  iiiiode  a  deposition   of  aiivor  cyanide  would   imnji-dinlTly 

oo«:«ir  I'll  iKVuiiiit  of  ,1  l;ii:lt  of  po.lJisRiiira  L-yatiide, 

<k<7.  Oomplex  Salts  in  the  Voltaic  Cell— When  voltaic  civlU 

ai«  uutu(triii-ti.Hl  with  silver  in  sobitions  of  ordinary  silver  salts,  it  n 
ivMud  liint  silver  in  almost  at  the  end  of  the  potential  seri^,  wbicb  a 
«3i^i  that  the  formation  of  the  ion  takes  plaG^ivith  greater  difficuU^r 
tiaiut  111  biic  i*A!ic  of  most  of  the  other  motals,  and  convcrsoty.  thr  Inn 
«.  >vry  i'(»«di>"  to  [wss  into  the  metal.  Thus  with  zinc  there  is  uhtiiiiiwl 
1^  LouttintMl  l'>>7  volt,  atid  even  with  cupper  there  is  a  putotitiaJ  d 
0"47  »wit  (l>.  6-15).  If,  however,  the  solution  at  the  silver  eliwlniJe 
ik  rvt'liu'V'^1  by  a  soUltion  of  potaasiuin  cyanide,  then  according  tg  tlw 
<>,MK'«-iit-t*tU^'ui  of  this  the  potential  of  silver  ainks  much  bolow  cop]<M. 
«liJ  *illk  wry  o't  Kent  rated  solutions  can  even  sink  Ixrlow  rinc.  Ifl 
^»  wtufiuH  of  pot.-i.s»iinn  cyanide  the  silver  loses  its  cbaraetiT  u  t 
hmUb  uuiJdJ,  (lik)  ac(|iiireB  that  of  a.  i^jidily  oxidisablt:  one.  This  if 
»;>  nt    I'homically.    for    if   silver    powder   is    slmken   with  k 

«t«M»^»  "*   |»ot«W8iuin  cyanide   it  is   fnirly  mpidly  dissolvwi 
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:Rg  ftciilified  a  wbite  precipitate  of  silver  cftmid^  is  liepositeii  from 
liquid. 

Ktnilar  plienomi^iia  are  ofuin  found  in  the  uit»e  ot  sul>sbiiices  wliich 
ann  complex  conipounda  ivitli  silver  (and  otiipr  metale  Ktihiivo  r|iiite 
inilarEy).  To  (inJ  llie  cxpUiiiuiiim  we  sh^l  tirsl  m»kii  uiirselvos 
DquHtnted  with  another,  gencrtklly  Bmnller,  derintioii  from  the  potential 
tsm. 

CeiU  can  be  uociBtructed  in  which  oue  of  the  nietala,  instead  of 
leii^  Burroiinded  Ity  a  stilalinii  of  ita  salt,  ia  in  contact  with  its  solid 
nlu  This  ift  the  aiae,  f^r  example,  in  tho  lead  accumulator,  one 
riectroJe  of  which  is  I'onneii  nf  IujuI  in  anlid  Iriic!  sulphate  (p.  liiiSJ,  If 
ibepnl«uiial  of  siicli  cells  is  iiivcstigiiUiil,  it  ie  found  Ihut  tho  purticular 
W-il  hfts  always  shifted  it^  pusition  in  the  poteritinl  aeries,  und  always, 
Irilliunt  L'X(x-pUon,  k-u'<i.iJf  ihr.  :iii<  f/nl.  Thua  in  a  tell  of  zinc  and 
lilver  tharu  is  found,  when  the  zini:  electrode  is  left  unchanged  : — 


I 


Zinc  a^iuat  silver  in  (ii1v>?f  tiitrnli- 
„  .,       ailvnr  ulilnri'la 

Bilvsrhroniiiie 
,.  ..       Hilver  io<liile 


I-b;  volt 
108    ,. 
0-9S    ,. 

0-68    ,. 


In  the  cnae  of  the  iodide,  therefore,  the  jiotential  deereaaes  by  0'91 
rait,  and  is  couBideraWy  diflorent  for  the  three  "Insoluhle"  aalts. 

Thu  espli«n^ti&n  is  found  on  more  doeely  Btudytng  the  [>roce«.l 
riiich  ucciirs  on  the  [masagc  of  the  mrreiit  through  such  a  cell.  On 
Ibe  silver  m^v  the  silver  i«  triinafoi'med  IVuni  the  ioiiieed  state  into  the 
IKUllic.  .\rcention.  however,  c:in  exiit  only  an  ••'ofutitm.  We  must 
Ui'T«for«  cyiu'lude  that,  in  apite  of  their  appjtrent  insohtbility,  »1!  the 
ibaft  Kalu  are  really  dissolved.  Thie  ha«  also  lieen  proved  in  other 
for  if  Its  pure  w.iter  as  possitile  is  shaken  with  silver  chloride  the 
I  conductivity  pi'rceptibly  iiu-reases,  (.''.  condiit'ting  ions  pass 
the  li-)i]id.  and  these  can  wiiy  be  silver  and  chloride  ions,  eince 

HiiDe  ulliiT  arr-  [xwsible. 

Now,  lb"?  wurk  which  is  necesaary  f<^r  the  separation  of  an  ion  from 
Usolution  depends  tiot  unly  on  the  nature  of  the  ion,  but  also  on  it« 
memtraiinn  in  the  solution,  and  it  becomes  all  tbc^  greater  the  smaller 
kr  concentnitioii.  Con4'er3cly,  a  mctnl  pa»sca  all  the  more  readily 
Bio  ita  ion  the  smaller  the  I'oncpntralion  of  this  \n  the  sohttinii  in 
ihict  it.  is  i«  t>e  formeil.  If  tliia  is  correct  the  position  ot  every  metal 
Biwt.  ti^  shiftifd  towards  the  :tinL-  ond,  whitn  it  is  ]iiaced  in  a  solulion 
rilith  is  Inssconiunl-rated  iti  respeet  of  this  inn,  and  t-w  itrsa.  ll  luusbl 
berefore  1x3  possihie  to  construct  k&[\s  which  Avdl  exhibit  &ti  uluctn)- 
Utive  force,  simply  by  placing  the  same  metal  in  two  aolutions  u( 
its  suits  of  rlitferent  cnncentriiti'tn.  This  is  indi'eil  the  ease, 
uun'ents  which  are  thM-oby  prudiitcd  ai-t  always  in  »uch  a> 
the  meUil  ir;  ihi-  ililnte  subition  i.^i  diawlvwl  ;  cuiivorBely, 
entratdd  aohition  metal  \.%  rh-fioaited.  In  other  wnnls,  the 
U,  lend  Ut  ripuilist  tlw  itifeTtnets  of  rcn^fnlralioii. 
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state  from  solutions  by  lueans  fif  reilucitig  .igt^nts,  it  cari  assume  a  ffnl 
variety  of  colours  aj;cor«iijig  to  eircumaULiices.  It  appears  ihjil  tliit 
yellow  iind  browrt  fo.rr!ifi  of  silver,  Tnore  cspeaally,  whfcli  ficpamc  wl 
under  the  action  of  ligjit  on  niixtiires  of  silver  salt*  Hiid  orpinit 
siil^tances  (which  have  a.  reducing  action),  are  amorphous;  they  vb 
more  ijuickly  attacked  thn,ri  tin;  gmy  and  hliu'k  forms,  of  ailvtr,  aiid 
idsfi  (change  into  theeo  ii:idi.'r  tim  inJiuem^o  of  eatalvflere. 

Metallic  silver  abo  has  the  propert.y  of  {mssiiig  into  thu  'ottoiAil 
comlition.  This  (i(fl]oidai  silver  ia  obtained  by  reducing  biIvot  hi 
alkaline  liquids,  and  also  when  an  electric  arc  is  produced  betwmi 
silver  elccCrotlQS  under  iv;iter;  hy  the  latter  means,  the  silver  i&  (ir« 
volatilised  and  then  eiidJenly  precipitated  in  the  Hiirouiidiii^  waitt. 
whereby  it  passea  into  the  leas  &Uihle  form  of  colloidal  silver.  Tlitse 
solutions  are  of  a  lirowri  or  red  colour ;  the  forma  of  colloidal  ^IKt 
obtained  by  chpniiwd  means  dry  up  to  njasii^K  with  ii  inetaUic  Iiistfc, 
the  colour  of  whirh  L-an  lie  altered  by  slight  inlliii;nces,  bo  that  it  [o/iKt 
through  all  Hhailes  of  yellow,  r&d,  violet,  and  greeii.  Notwithsiaiiiliii^' 
their  uietaltic  lustre,  these  masses  do  not  behave  like  inelallic  ailtfr, 
since  they  do  not  conduct  the  Gloctric  currant.  They  are  lUMfnblp, 
and  arci  converted  by  many  catnlytic  intluences  into  ordinary  wliit«« 
grey  silver." 

Silver  is  not  attiicked  by  dihiti;  acids  except  mlri'-  itHJ,  whicl 
readily  dissolves  it  with  evolution  of  nitric  oxide  and  forniniinn  ul 
Bilver  nitrate.  It  dissolves  to  the  sulphate,  also,  in  conct-ntratcil  iMiilinx 
sulphuric  acid,  whereby  sulphur  dioxide  escapo-a.  It  is  very  ri-'siKiiiiii 
to  basic  siibatJincus  ;  urueibles  and  dishes  of  silver  are  used  in  the  iabtnt- 
tory  in  wtirking  with  caustic  potiwh  and  soiia,  as  that  mewl  is  mil 
attacked  to  any  consirlerable  extent  *'veu  on  fusing  these  aubstaiice^ 

In  the  pure  state  silver  is  a  white  tenacious  metal,  whieli  ran  I' 
readily  drawn  into  wire,  and  inadL-  into  very  tbin  sheets  by  rolling  "f 
hammering.  For  use  it  'vi  alloyed  with  10  per  cent  of  copper  iii  "riJer 
to  make  it  harder.  It  cotiducta  hcMit  and  electricity  verj-  well,  urf 
occupicB,  in  this  respect,  the  first  place  among  the  metals. 

The  rimlining  iwitiht  of  silver  is  an  imporUinl  uiaguituilc,  since  or 
accoutit  of  the  excellent  properties  of  its  halogen  compoumlf  in' 
niuiIyBis.  many  other  combining  weights  have  been  dctermiuei!  l)V 
mean.*  of  these.  Tlie  following  method  baa  been  used  in  order  lo 
estflMish  the  combining  weight  of  silver  with  respect  to  oxy^-en. 

"Weighed  ipiantities  of  silver  cidoralc  wei-e  reduced  to  siivir 
chloride  ;  since  three  combining'  weights  of  oxygop)  are  contained  i" 
one  combining  weight  of  chlorate,  we  hava  the  proportion ; — 


loss  of  weight  of  chlorate 
weight  of  silver  chloride 


a  X  combining  weight  of  oxygen 
combining  weight  of  sdver  chloride 


Thus,   in   one   experiment,    103*980   gto.  of   silvor  chloride  x*^ 
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!  froiQ    l38'"By  gm.   of  silver  citlorate.     Since   Uic  tl)rr_>of<iM 

iniEig  weight  of  Oxygen   \s,   in  ncCOrdimce  ^^'itb  our  /'laiiUiiiptiDii 

]IJ).  ■IBUOi.i,  ibe  fomlHiiiiig  weight  of  silver  clilorido  is  M3r(S|. 

Silver  was  now  coiiverwd  into  siber  L-hloride.     If  the  uuinliiiiiiig 

'eighl  of  Bilver  chlocide   is   divided   in   the  same   mtio  iis   thiit  in 

rtieh  uuHlysis  has  shown   these  eletn&lita  to   ho  conilineJ   in   silver 

tilariilo,  ihe  two  separate  comhining  weights  are  obtained. 

Thus,  H+'-Oi"  gTu.  of  silver  cbloHde  were  ol^LaJned  from  IOS'579 
TO.  of  silver.      We  have  thcrefoii:-  the  [iropoitioa  : — 

CI:  Ag  =  (l4i-2()7'  10S'57y):  lOH-579. 

here  CI  denotes  the  combining  weight  of  chlorine,  and   Ag  tli&t  uf 
ilvcr.     Hence  r — 

Ag=  107-93  and  CI  =  35-45. 

677.  ArgentloD. — Bilver  forms  only  one  kind  of  olemuriUiry 
>n.  viz.  monovalent  argcntion,  Ag.  Besides  this,  it  ctrn  enter  into 
Mnr  ronj[jlex  iona,  espn'cially  such  as  contain  nitrogen  and  snlplinr. 

Argeiitioii  is  coloufieas,  and  witli  ri;aE>ect  to  tho  |>toportlea  of  itii 
knnjHiiHLij!;,  it  is  allied  tx>  the  inonoviilent  ioiia  oF  ctt[>\tiir  and  mercury. 
In  the  other  hand,  there  exist  reUtions  of  ifiomor|>ljisii]  with  Hijdiiim, 
t  iii  the  ion  of  n  strong  base,  for  the  soluble  silver  nalta  react  ijciite 
ledtnl  and  exhibit  do  hydrolysis,  although  almost  nil  tha  SAJti  of  tho 
Mvy  nietala  do. 

Tine  is  iivt  III  conflict  with  the  fact  that  argention  patfiw  reiidJIy 
intfl  the  metal  and  is  formed  from  this  with  difliciilly,  for  wc  aro 
iaiin^  in  th^  two  enaes  with  «£5<!ntially  difforL'nt  i:hvniical  relation* 
Itid  tnLnsfumi.-ilions.  The  h*-at  of  Tormation  of  argeiitiuji  fruin  the 
ktcnl  has  .t  targe  negative  value;  10^  kj  muel  he  absorbed  in  order 
llatiilver  may  pass  into  ju  ion.  Metallic  silver  i«  also  readily  pe- 
Kred  from  its  salu;  a&  a  nile,  contact  with  nny  organic  tntwtancf, 
lipecially  ill  light,  is  sutficient  for  this,  the^c  Mubatanc^n  th'-t)  l(Cc<itnin(C 
bnnm  or  bluL-k  in  colour  owing  to  the  finely  dividcfl  tiWte  which 
Kiatatea  oiii- 

Argention  is  a  strong  poison  for  all  organisms.  lu  actioiia,  lu>w- 
'vtr,  are  restricted  by  the  chloridion,  which  is  evcrwbere  pre»rnt,  and 
'ilh  «bich  il  forme  a  ditficiiltly  noliible  cLmiionnd. 

fi'S.  Silver   Olide — From     the    solutions    of    the   «ilT*!r   aalu 

illUe  Ivises  da  not  jir^.-ipitkU"  the  hylroxide  oa  one  W<nild  ezpCCt, 

anhydride,   jn/r«T    laridr,    A^.O.     This   M   *   ijniwn    powder, 

is  aiiffieienily  solnbte  in  waMr  tn  impart  t»  it  an  alkaJine  re- 

tim  to  vegetahl«  dyca,  and  whirh  rtim^nntM  vtrj  malily  with  achIi 

fumi  silver  uiltJi.      lo  lb«  hhantnry  tl  is  nsrd  tn  remava  halngn 

diasulvefl  halogen  wpannda,  umI  lo  r«fil«e«  it  hj  (mygen  or 

'dntxyl.      For  thii  parpott  h  t*  freshly  prepuerl.  or  after  liehig 
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the  two  combiuiTig  weights  of  Che  hydrogen  of  the  thiosnlphiiric 

is  replaced.  Since  it  la  Bsmimed  that  one  of  these  is  prest^nt  iii 
thiosiilphurit'  acid  as  hydrusyl,  the  aihar  as  fiii]["iIihy(Ji'Vl,  tbc  fii 
assunifition  is  proliable  that  t.hc  silver  replac-ps  ibe  hydrojieii  of  the 
euJphhydrj'l,  tiocaiise  iu  [imwer  of  conibiiiiiiy  with  sulphur  i«  cerUiiily 
more  highly  develnped  iLiin  its  [xiwcr  of  eoniliiniiif;  witii  (ixyf?:!!.  Tie 
argantitliioaiilphiniioii  which  is  here  formed  would  iherufort*  havft  tie 
formula,  AgS .  HO^'. 

From  the  solution.'^  obtaiiic^d  by  the  ^itnj-atioii  of  sifHintn  ihiofot- 
pliJiUr  wilh  nilvLT  wLJts  two  diHi'rciit  stilts  trysiallise  out.  Ohl-  uf  thm 
is  ditlk'iiltly  solidik^,  and  its  conipositio'ii  cori'espf iin b  lo  l\w  nU'Xt 
forniidii,  tilt  hyditigen  lieiiig  rTpiaceil  by  ficMiiiim  ;  th-p  nthfir  is  reniiilj" 
Huhilde,  cotitiiiiis  twice  as  iiiu(<h  sodiiim,  hut  ita  nntiirc  liaa  not  }'4t 
been  cleiirrei  up.  The  fonnulie  of  theat)  Galtit  tire  Nu(fiO^.SA);)siii 
2Na(SII,SA';)  +  NilS^O,,. 

Thf  L'liniplex  ihtirticlfr  of  the  i:onipoiindn  is  provnl  nut  tudy  Kv  ih* 
Bolubilily  relstioTis,  but  also  hy  the  fuel  thiu  tbin'  both  li;i\i'  ii  rrnurk 
iiWj  aweet  tiiate,  due   ty  the   ion   AgS,.S",[',  whertrua  othcrwiee 
silver  compDutids  have  u.ti  i]trp1e»siiiLi,  nir'lidli^',  asM-ini^eril  tA«te. 

The  fornintion  of  these  compoinids  oiruurs  when  soiiiitm  Ihiosiilplj"!* 
is  Binpltiywl  to  dissolve  difficidtly  soluble  silver  sidte.  Thifi  appIJiMitiwi 
is  very  widuiy  cxtoitded  in  plioii-gmphy.  If  it  h  dvsired  u*  »c[«p»if 
llie  silver  from  ilieiu,  an  alkali  sulphide,  which  prwipiuitt-s  iilvw 
sulphide  Trow  thw  solution,  is  the  most  wuitublv  for  tht  p!ir|'iii>i;,  Ibi! 
solubility  of  silv<>T  sidphid*'  is  so  small  that  it  is  pmrtically  coin]ili'tdj 
prccipiltited  oven  ifotn  the  coiopji'x  H.'um pound. 

Sinlhtm  sulphite  behjivt's  simil.irly  to  sodium  thioBidph»t«.  A  »K 
Nft(yO.,)Ag,  \vhi<:h  is  diffieqltiy  ioliibiti  in  water,  and  which  mib  be 
regnrded  as  the  sorliiim  snlt  of  lU'^tiilinEdpbofiton,  is  iiIko  known. 

6&U,  Metallurgy  of  Silver.^Mogt  *>i  the  siivor  is  obuincd  «*  «• 

adtid^ftai'i'  in  lend  in  the  ju'C'iiiiralion  of  the  hitter  niclul  froui  g;i)riit 
(p,  6G.^],  Foi'  the  piirjiosL-  of  sc']>arating  the  twu  mol-aje  use  is  wx'ii' 
of  the  dirt'creiicc  in  their  lieliaviour  tn  oxygen.  The  lead  containing 
Bilver  18  fiifiptl  fliid  exposed  to  the  aettun  of  the  aimoflphpric  oityi!*ii; 
tht-  lead  is  thereby  oxidised,  its  oxide  flowing  4>tl'  as  liHiiirijf,  ami  ilw 
silver  rerasuns  behind.  The  completion  of  the  sepftnition  Is  rwogiiiw*' 
by  the  disiiyiyiearaiice  of  :he  i.'uatiii^  rif  le^d  oxiili-  und  the  appean. 
of  the  In^M'ou^  sui-faee  of  tho  silver  {\hf  jirUjiinilifii  -j  mliv,). 

If  the  argentiferous  lead,  or  mrrk-lmd^  ib  very  poor  in  silver, 
is  inore  advantageous  to  separate  it  by  nieiina  of  n  process  of  cry9t«.IIil 
tion  into  pure  lead  and  an  alloy  richer  in  silver.  This  is  ilniir  bjf 
allowing  the  ftieed  work-lead  to  alowly  cool.  I'tirr  lead  then  cry*'*'' 
liaes  out  and  a  uiuliier  Uipior,  i:uni]iiLra,tively  rich  in  tilifr,  n-Tiiaio" 
behind,  jntit  us  from  a  suit  gulntioii  pure  wuier  eryRtjiitt^^ej^  out  m  i» 
and  a  motbor  li<)Uor  riejier  in  ^alt  is  formed,  ily  conluiuitig  tiiK 
separatioEi,  a  condition  is  finally  reached  in  which  silver  also  bc^iiB  id 
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U  a  small  quantity  of  B  is  jultlml  lo  pure  J,  the  meHting  [winU 
the  Ifitter  fjJls,  in  accordance  with  the  general  rule  ([i.  I'JIj.  tl 
liojiTcssiun  being  nil  the  gyeiitcr  the  larger  tbo  amount  of  B  ajda 
Thi;  change  ia  (iJiTiost  proportional  to  the  amount  addod^  so  tbat  tli 
CO  I 'responding  tera[>emtiires  urw  represented  by  an  almost  straigk 
line  nJt., 

The  same  considerations  can  be  applied  toff;  from  the  points. 
atni.igtit.  line  munt  Jilao  ^ittk  towards  the  left  reprcscDiini;  tlio  tempmi 
tiii'es  !Lt  whitli  tliO  liq^uid  mixitiu'a  is  iii  e([uilil)rium  with  solid  ^i 
the  melting  points  of  B  in   presence  of  the  mixed  liquid.     Tht 
lines  ii'ill  cut  in  a  point  k. 

Now.  along  nk  the  liquid  ia  in  equilibrium  with  solid  A,  aIoii;:  U; 
with  soliti  a.  In  the  point  k,  therefore,  thu  litjuid  ia  in  eqnililiriiini 
with  1k>i1i  aojid  gubstiinces,  and  ;is  the  two  linea  cut  only  in  -jne  jiuTit 
thorQ  is  otdy  uin'  liijiml  iinxturi!  which  is  in  equilihrinm  at  one  mii  iJii 
same  timu  witli  the  two  solid  sub^titncfs. 

This  fol!oM-5  also  from  the  phase  law.  We  have  two  coinponaiU, 
and  in  the  point  ^-  tour  phases  iiro  present,  viz.  tbo  lii-juid,  th«  xn 
solid  aubsiances,  and  vapour.^  There  is  therefore  no  ilegrcc  of  frwdaii 
reiQuining,  and  all  the  varialilus,  via.  ptesaure,  lemperntlire,  And 
poBiti<in,  hnve  defiiiiU'  values. 

If,  thei-t'ffit'e,  aiij"  Hijuid  mixture  whatevei"  ie  coolied,  that  oijf 
the  two  suhatiinces  will  sapiirnte  out  which  is  in  eici?38  with  respect  ol 
the  composition  represented  by  the  point  I:  This  continues  with  CJl 
of  tamper;  It  lire  until  the  point  t  ia  reached.  At  this  iwint  ihp  m 
substatice^  sCpiirFvte  out  "t  the  s/fw  HiHc  and  10  aufb  pi-o]>'>rtia-ns  ihil 
the  melting  pcintiini!  the  oraptisition  of  the  liijuid  remain  niirliADp'i]' 
A  mixiure  corH-'sponding  U)  !■'  behaves,  thorcfore,  liko  n.  ampU  «* 
sUuicf,  for  it  exhibits  a  constant  melting  point  tdthougli  it  is  «  mixture. 
The  relations  are  very  similar  to  those  in  the  case  of  acids  of  coi; 
boiling  point  (p.  ISo). 

Snth  Ji  mixture  of  conslant  mellinp  point  is  called  a  nti/rlit  mi 
and  the  point  /.-  tlie  enicdk  jiiiint.  The  melting  point  of  a  l'U 
mixture  ia,  necessarily,  always  inifU-r  thiit  of  iis  comiioiiuntB,  and  is 
thtt  more  fto  the  nearer  the  melting  paiuta  of  the  two  piu"e  sulteUnjlj 
are  to  one  another.  F'iy.  122,  im  which  various  posjiiblt-  caseH 
repreaented,  allows  of  tbese  rolnt-ions  being  readily  saen,  ™ 

'   ir  Viie  vapour  in  bxiA Uded  Mie  rlegiee  at  rre«<loi>i  U  oKaIuciI,  i.r.  Ihe  |>aint  Ir aM* 
(very  iliglitly)  wlUi  the  pnuuura. 
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THALLIITM 

693.  General- — ThiiUium  oecupits  a  reiuurkahle  intei'lnCiiiate  |joS!liOD 
Irtwwii  variojis  other  elemetita.  By  reasoji  of  tlie  pti^'sical  ptoperties 
of  the  tree  t'leraeot  it  is  allied  to  Itad,  ftir,  lilte  this,  it  is  soit,  ductile, 
ind  W  a  bigli  denaitj.  Its  liydroxiiiH,  wiiicli  is  rtsadily  soliilile  in 
'tftMr,  pnx-ures  It  a  |i(jaition  silon^  with  tbi-  •<Jhdi  ii"-rij/n,  with  which 
il  u  i«oiiturptiou»  lu  various  ccjiiipouiula  :  it»  di^ciJtly  aululilv  hiilogvn 
ft'iii|ioun(lfl  Itring  it  near  to  dhtir,  ifipffit;  and  nii'iritri/,  and  in  anotlier 
mi-i  of  compounds  il  exhibits  reladntis  to  the  trivaient  elements 
skniiniain  iiiid  &on. 

Thitlliiini  was  ilistovored  by  nicaiis  of  the  spectroscope ;  all  its 
cMBj-mfid.-j  ou  being  beai&d  in  tli*  Btiiaseti  Hiune,  in  which  ihoy  qiii<^l!Jy 
vrtLililisi-,  ^ve  a  greeti  t':'iIo'nitioii  which  on  l>oin^  exumtnt'd  with  the 
*pCTtrosc(3ptf  appears  as  a  single  brijjht  green  line. 

Thallium  octurs  only  in  amall  qimtuity  in  nutiire,  but,  like  »ll  the 
deai-iita  which  can  l>e  detected  in  Bmalll  amounts,  it  has  lieeii  found  U> 
befitiriy  wid«ly  diatributed.  It  is  obtained  na  a  l>y-]traflnct  fmm  the 
Hufrdust  in  siilpiiurie  acid  works  in  which  pyrites  containing  iKalliiim 
K  nnployedj  iiin\  also,  in  afisociiition  w-itli  zinc,  from  cine  ores,  hi  the 
Utier  way  it  t-ould  be  obUiiued  in  fairly  large  amounts  if  there  were 
Wy  d«[iiatid  for  it. 

As  bus  already'  bi^en  nuentimied,  metfillie  thalliuni  ie  very  eimilar  to 
l*»d,  hut  ia  fitill  softer.  Its  density  ia  Il'^tits  njdlting  ]M)iiit  290', 
It  makes  ii  grey  nmrk  on  paper,  but  this  soon  dia»[i]>eu.r£  owiii}:  to 
*«iiUtion.  Fresh  surfaces  of  the  metal,  whieh  have  an  atmosi  silver 
fliite  appearance,  ijuickly  tarnish  in  the  air  through  oxiLiation.  In 
tbi>  potential  series  it  atande  between  ctulmium  and  irun,  atid  is  tbere- 
furranieial  which  readily  replaces  hydrogen  from  dilute  acids.  As  a 
iii»lt*r  of  (hcl,  it  dissolves  in  dilute  acids  which  do  not  form  difficultly 
wUHewlts,  c.^,  gulphiirie  acid  and  nitric  arid,  and  is  precipitated  in 
Uiitnotalhc  atato  frotn  its  aotutions  by  zinc  and  cadmium. 

'nuilliuin  forms  two  kinds  of  elementary  ions,  monovalent  mouo- 
thallion,  Tl*.  and  trivaleut  trilballion,  Tl   .      The  former  coudttions 
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the'  ^inkilarity   uf   thallLum   to   tlie  alkali   raetals,    tli<^   Iitlter 
aluminium. 

693.  Thalloas  salts  n-rs  forjued  with  evolution  of  hydrogt'ti  hy 
dissrjhniig  iha  tiietjil  iii  dilut*  ncids.  Siiliition  in  iiilric  acid,  wliiib 
trtkoB  pla<;e  with  reduction  of  the  lattec  (very  dilute  acid  vielcit 
hjdmjjen),  aiso  \em\a  only  to  tlmlloua  nitrnte.  By  mentis  of  free 
chloriht;,  lioifevoi',  tlialloiis  compounds  L-aii  Im  converted  into  tliaUiS) 
compounds. 

691.  Monothallion  i»  eilonrless;  hus,  like  lend,  a  poisui 
action  ;  and  can  be  racognised  W  the  formation  of  varioua  difiiniltlf 
soluble  sn.lts,  espHcially  the  yellow  iodide.  It  is  not  prmpiiati"!  h^ 
alkuii  liydrnsides  and  carbonnu^a,  and  ia  thereby  distinguifihwl  fruni, 
thti  iotis  of  uU  otbct'  heavy  metnls.  Its  heat  of  fonnnliou  i»  a.lin^ 
zero,  haing  only  7  kj.  V 

69;).  Thalloaa  Hydroxide.  TIOH,  ia  nUutinod  by  the  di'wm" 
lioaibinn  of  LlialluUii  su1;)h;UL-  with  li.!irjbu,  as  a  li'iuid  willi  n  etruugly 
nlknline  rmmlion  whiuh  is  dissociated  into  its  ions,  rnonotlialliun  tnd 
hydroxididji,  ([nite  as  e.xtpnaively  as  the  alkali  hydroxidra,  sntl 
exhibits,  thr?relare,  the  Kime  Iwtsic  properties.  It  turns  rod  litmia 
papar  blue,  renders  tuimoric  bniMn,  unci  iiiaheii  the  skin  nf  tlic  (tustn 
slippery  wbeu  moiBtPiied  with  it.  On  evaporating  the  sfiliiucm, 
the  yellowish  uoUnireJ  hydroxitlw  crysl«lH&iiig  with  iHjU  i* 
obiiiined  :  in  L-ontrust  with  tlie  liydrosides  of  thf  iilkiili  nteials. 
very  readily  liises  tlie  elements  uf  watfir  and  pusses  into  thjillous 
or  Tl^O,  wJiieb  is  blitek-bruwTi  in  colour.  Thw  dtiUydruiion  uiktw  (il 
even  at  the  icnipcmtnrc  nf  ihfi  boiling  wator,  so  that  on  evafKiriiting* 
fiolntion  of  \l\e  liythoxiclt-  on  the  wjit-er-bttth,  black-brown  linw  «e 
formed  at  lb*;  i^dgea,  but  Ihitue  iniiiiediately  difinp)Kt&r  wljon  ibt  ii<[Ua 
is  p;issed  over  them. 

r>!ll^.   ThallOUS  Sulphate,  TU^O^,  ayetalliBOS  Hidlydrou»  in 
rhombic  forms  of  jinta-'isiiiini  sulph:iti<.  with  which  ii  is  isfimofpii 
It  i^  fairly  aiMubJii  in  ivfiter.     With  tht  aiilpUaW  of  th*  trivnk 
metals,  alsoi,  it  forms  double  salts  wliich  rrystnllisa  in  n-gular  funnis 
and  are  perfectly  ;iiiiiIok"Hs  to  the  alums  of  the  alkali  met-aU.     iti^a" 
also  form  the  corre^ponditig  moiioclinie  dnnbic  salt^  with  the  diva 
sulphatfii  of  the  vitriol  si-riea, 

G9".  Thallous  Nitrate,  TINO.,,  also  erystalliscs  mihyiirousi 
is  soluhk'  in  Jilitiut  teti  tiniri  its  weight  of  wntt'r  at  room  temperatiiro. 
and  mclrs  at  20ij' ,  31y  mixing  it  wnlh  ol.her  nitrates,  niassi's  can '" 
obtained  which  molt  ut  a.  cnmpuratively  low  tumpprtitUTo  ;  ih-'se  Siw 
a|iplic:itiim  hs  hpjivy  lii|iiid.->  (solid  thalloas  nitrate  lias  the  dennity  S'f't 

(ills.  Thallium  Carbonate,  TUCO^,  is  an  anhydnm*  salt  wbiiJi 
dissolves  in  twenty  times  its  wdght  of  water,  jieJdiiig  n  liijaid  ^ 
an  alkalinti  reaction.  The  salt  dissolvea  more  readily  in  water  fOfr 
tnitiiug  excess  of  carbonic  acid,  but  the  acid  ciirbunnt*-  is  not  kau"" 
with  certainty  in  the  solid  statu. 


i  iitsV 


CVI 


THALUUM 


TOI 


Th«  phatpltata  and  itfu/^tf  €4   monotltallinn  m  «lto  BolnbW  in 
er,  9o  Uutt  in  tliM  rtepect  aIsq  ilMtlltutn  b  tUitti  to  Uw  iUk»fi 


9.  Thallous  Sulphide,  TT^  is  a  brown  block  prt«iptt«t«  tt^faieb 

omiMi  I'y  sulphuretted  hviJm^ii  in  iimtr^  hut  not  in  arid  nohiriiii 

Ihalloiis  «j*tW-     Tb«  sotuWIity  ami  tb^rsfor*  ;Usi'  the  ^.-onditiMH  o( 

nvipitiiliun  arc  most  nearlr  akin  (o  those  of  xinc  sulphide.  idtlKNifiti 

.II0118  sulphide  ajipears  to  W  somewhat  laviTt  9oln1>l«.     A<«ortlib{:ly, 

I"  precipiiHtfrl  sulphide  redjssolves  111  dilute  acids. 
7no.  ThaUons  Cblorld&^In  its  halogi>n  compiiunds  thjJIiiim  ii 

*I  dostK  alliLii  til  silver,  for  these  sulHUtncf^  ore  uhiiv  «>t  _1'pUww 
il5cii!tly  solulde  p<hwders  which  ar>'  ^'iisitive  to  light ;  llu'ir  »uhiSi]|t^ 
lfin«ijinuiisliei:<.  *iih  iiK-reiifiiug  comliiniiig  ■Height  of  the  liahi^-ri. 

Th&Ilous  chloride,   TICI,  is  obtained  as  a  whil>*  preoi|iittit«  u-hich 
nvly  diirkeiis  iti  tb?  light,  when  the  tuns  of  the  snll  come  logelher 
Mitiitioii.     Altotit    three    huodr<^    times   its  weight   of   wai«r   is 
eqiiimd  to  dissolve  it. 

It  is  iiieolnble  in  ammonia,  but  dissolves  in  eodiiun  tbiiisulpluitn 
illi  fiii-iiiation  of  n  ctniijilex  loaiiKiuiid  It  L-_\hil>its  no  ti^nilivity  lo 
)nu  eomplfix  ixtDi  pull  rills  nich  sitluble  ohlorides :  thi>  salt  is  therefora 
rmpitated  from  ai|iieoi]s  solutions  on  the  addition  of  hvdnH'hlt)ric 
pill  or  ehlnrides,  owing  to  the  increase  of  ohioridiun.  It  is  eonvc>n#d 
Dbi  soluble  tballk  ebloride  by  treatment  with  chlorine  under  wmIit. 

I'll-  Thallona  Bromide  is  a  jellow-white  precipitate,  the  solii- 
ilily  of  which  is  c<-n.sidt:r»My  less  tha,[i  that  of  ihe  ehlonde>  to  whirli. 
uwerer,  in  its  titliei'  properties,  it  is  siraihir. 

702.  Th&Uous  Iodide  ia  deposited  a^  a  yellow  precipitJtte  e^etl 
bnni  very  dihite  solutions,  when  its  ions  com^  together.  It  recjiiines 
15,0(H>  parts  of  wi»t«r  for  its  solution,  and.  for  known  rwisujis.  it  is 
Bill  less  soluble  in  n  .solution  of  potas-siuni  ioilide.  This  salt  in 
miployed  fw  thi'  dBtettion  find  SL'imralion  nf  thallimn.  In  dilute  acids 
p  i*  not  appreciably  more  soluble  than  in  pure  wjii*r,  as  it  is-  the  salt 
Bfihe  strong  hydriodic  ;icid  (p.  It'll). 

T'J.'I.  Thalloua  Fluoride  h,  in  amtrast  with  the  olhiji-  haUigoii 
Bomptjunda,  a  ri^dily  scliiilile  »alt. 

The  trivaleiK  fritfiiillicii  is  of  a  somewhat  yellowish  eolunr,  Jind  in 
fciiiiwl  fn'-ni  moiiothallion  only  by  fiiirly  strong  oxidising  iigents,  aui-li 
tadlnrine  nr  perniangaiuite.  Conversely,  it  very  readily  jinam-a  again 
tni"  )ii«>notlial]b(ih. 

Tiil  Thallic  Hydroxide  h  nhuined  Jia  a  limwn  preeipilJiU'  ninular 
»p|>«initiL'e  to  feme  iixide,  on  arldiii^'  H(ilublt>  bjises  U>  a  ihallie  lUilt, 
vfi  being  dried  it  Li-sMiimes  the  conipoailioM  TIO(OII);  the  freshly 
P«wi|'itJii(3(i  siilwtJLncc  is  pa-ohaiily  TI(OH)j,.  On  biding  hiiul-iyi,  tlii< 
■I'irmidc  luees  water  and  readily  alao  oxygen,  so  thiil.  it  [lanfiiiti  into 
ttiUww  ojciile.  Thallic  nsiilo,  TIjO.,,  la  also  nbtiiined  wlieii  AiJiiinins 
tf  iWluua  salts  nio  subjected  to  electrolyeiB  ;  it  auparutcs  ot  t  i     .  Im 
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anode  as  a  black  coating,  but  it  is  difficult  to  obtain  it  of  a  definite 
composition. 

Thallic  liydroxide  is  a  very  weak  base ;  its  salts  are  greatly 
hydrolysed  in  aqueous  solution,  and  when  the  dilution  is  fairly 
great  almost  all  the  hydroxide  is  precipitated  from  it,  the  acid 
remaining  in  solution.  The  most  stable  is  the  chloride,  which  can 
be  obtained  from  the  sub-chloride  by  means  of  chlorine.  The  bromide 
is  less  stable,  and  on  attempting  to  prepare  the  iodide  a  mixture  of 
thallous  iodide  and  free  iodine  is  obtained. 

705.  Thaliic  Solphate,  Tlj(S0,)3,  can  form  alums  with  the  alkali 
sulphates.  The  double  salt  from  thallous  sulphate  and  thallic  sul- 
phate, which  should  also  yield  an  alum,  has,  however,  another  form 
and  a  diiTerent  amount  of  water  of  crystallisation  ;  its  composition  is 
Tl .  Tl(S0j)2 .  6Hj0,  in  which  the  one  Tl  is  monovalent  and  the  other 
trivalent. 

The  combining  weight  of  thallium  is  Tl  =  204'1. 


CHAPTEK    SXXVn 
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6.  General- — For  tho  purposes  of  analysis,  bismuth  fa  clRsaciI  Jilong 
lb  the  ntuUils  of  ihe  copptjr  gi'oii|),  Ktic.iiiefi  it  forms  ii  sulpbitlc  which 
insoluble  in  ililiite  acidii  im  well  la*  in  iilkjili  liiiljtiiirlea.  A(:(!i>riling  to 
clieinical  affinity,  huw-t-ver,  it  ig  so  closely  tonn^etimi  with  luitininiiy 
d  «.rw*nic.  which  l>ela]i^  to  the  hist  ^r<mp,  that  it  iniiBt  Ua  trentcJ 
atr  with  those,  aiul  in  tfa^refoiv  suiUihly  plni^i;*]  at  thti  |>oint  of 
iisitinii  frnin  the  one  group  to  the  other.  Of  these  elemontH  it 
iho  hij<hest  comhiiiing  weight;  for  this  ra-iaon,  in  nccfmifini-u 
Lh  lUf  gfinral  rule,  the  lianic  prnperties  are  more  slriiiij;ly  markcil 
11  thau  in  the  caRtf  of  its  congunors.  Att  thu  comliiiiiiL^  weight 
■■0n%  the  lutt<^'r  rnpiilly  lo.sc  their  luotallk-  ch.-iructer  iind  tbr 
Pir  of  forming  basic  oxides,  and  tinally  lejul  to  tho  iinn-nietnllie 
menls  phoepliorus  arxl  nitrogen,  in  which  the  acid  forming  pru- 
ntaes  are  completely  develojwd. 

M^UUlk.  binmitih  is  n  white,  somewhab  reddish  met&l  of  a  vell- 
rkwi  crystalline  ohariicter  ;  it  is  brittle,  is  not  ductile,  and  Talla 
n  puwiler  when  struck  with  u  hAiiimer.  It  melts  as  low  aa  270 '< 
id  nt  n  bright  white  i:ieat  paes^s  iiLlo  ;t  vapour,  the  dt^naity  of  which 
■de  to  the  molar  wt;i<;bt  ^013,  which  coincides  with  the  comhiniiLg 
Bgfat.  It  remAinii  unchanged  in  the  air,  and  is  also  very  r«£ieljiiit 
water.  It  is  not  attacked  hy  dilute  uctde ;  ite  position  in  thr 
itentiaJ  series  is  between  copper  and  silver,  and  it  thei-efore  iiii.-line« 
nrardn  the  noble  metids,  It  theref<*re  occurs  in  nature  in  many 
ell  in  the  ttnriimlnji'"!  s(at«  :  it  a\s(t  occurs  combined  with  siilphiie 
hitmulh  rilati^,  UismUtb  it  reaflily  dissolved  by  nitric  acid  with 
,atioti  of  bi&mutb  nitratt  and  rntrntis  oxide, 

Bismntb    rtiidily    forma    alloys    with   other    tu«ial»    whereby,    in 

iiv    with    the   general    law,    the    meltinj;   point   ainka.       Hy 

Addition    of     i«ad,    tin,     And     Cudmium,     alloys    ilv    obtainnJ 

ich  liquefy   wen    tindtrr    1  (lO^  ;    they   hue   therefore   in    boiUng 

Tbe  conibiiiin^  weight  of  biKmiith  has  been  determined  by  vdgbing 
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the  metal  and  the  nxide  obtjiined  from  it.     It  is  not  known  wiib 
jieifect  cerltiiiity,  find  we  shftH  take  it  as  Bi^^OP'.V 

707.  Bisnuthion. — Hiuiniith  forms  one  kind  of  eleucriLirv  inii. 
viz.  the:  r.nviilcnt  IjisiniiLliion,  Bi"".  This  is  almost  the  only  ion  d('rii«l 
from  hisninth,  for  the  teiidoncy  of  thia  metal  to  form  compSfvita  w 
extremely  slight,  and  with  the  exception  of  some  orgsiiic  iitii*  tutt> 
taiiiing  bisumth,  othfra  are  acapcely  known. 

liismiithion  is  cnjoiirleaa  anil  fnniis  an  oxtrcniely  wcnk  ^rw  irili 
hydroxy].  Aa  !i  miis«»[iieiicii?,  th«  pIitrLiiuienon  of  /ii/iif<iltf>jf  is  <o 
iiiiirkoi  ill  the  tiiae  of  thu  Itisruiith  siilt«  thai  it  can  l>e  regiinifd  4* 
11  (rli.'iniL-ttiHBtif  in  unJilvHia.  Sitit-e-  ihe  bnaic  t;oinp<miulB  vehu-h  ire 
huivhy  fnrmed  are  ditHciiltly  solnlilo  in  water,  the  hjamuth  suits  m 
prn-iji'it'itfl  liy  mere  dilution  with  water;  tliL'  prmpiutto  is  tpaii 
dieaolvetl  on  the  aiiditioTi  of  ncids. 

The  best  Icniiwn  bismuth  bhU-  is  tlie  iiHivli;  whii-rh  in  obiJiitiwl  i« 
liydnited  trysUils,  Bi(NO.j),, ,  SH^O,  by  crysUillisalinn  from  thf  siiliition 
of  bieruiith  in  iiitrii'  itaid.  On  pouring  wntiT  <iVL<r  these  crysuti, 
;i  siKiw-wliiU-,  trysUilline-  p«tM-dcr  f>i  i\  linsii:  iiitruU;,  I)i(OH)jNI.\  ii 
ili']»idted,  which  in  applied  in  mt.tdi(:ini>  under  ib«  iiutne  of  itmnlli  | 
iiiJ/nt/iiUi'.  Tho  nitric  acid  which  is  split  nff  pnases  into  ihe  •oliilion 
and  enablea-  another  portion  nf  the  hisninth  ailt  to  n'oiain  diMnlv»»l 
Then?  exista,  ihcrcfori;,  in  the  solution  in  reaptict  of  thf  pi*wt|iit»[» 
of  the  basic  salt,  an  eijuilibriuiii  whii:h  is  charuet^riaed  by  ihe  fa<'i  iW 
the  cout:Gnti'ation  i>f  tho  hydroxy!  from  tht-  wat'T  i»  renderdd  smfli«(:nllr 
small  by  means  of  the  bydiiori  of  the  free  iidd  to  allow  the  aolul'iliij' 
product  of  the  biieic  salt  to  be  rffiiched,  , 

From  soluiions,  bismuth  hydroxide,  Bi<OH)„,  ib  precipiuted  !•/  ' 
excess  of  aidnbtu  Uisea.  It  is  a  whiti;  precipiuite  which  ie  Miliibic 
neither  in  ammonia  nor  in  caustic  potaah.  The  foniier  bfdiHvimir  i> 
dn*  to  the  ijxtreniiely  slight  devyloptnent  of  its  bivsic  pi-opertie*;  \iit 
latter  abowa  thai  it  cannot,  as  many  other  weak  hastwi  do.  Kplil  i^ 
hydfion  and  yield  an  anion  eoulaining  oxygen. 

On  beiji^  heated,  the  hydroxide  loses  water  and  is  converteil  inui 
bismuth  (.-vide,  Bi^O,;,  a  yollow  powder  whi<^h,  at  ft  higher  teinpemturf^ 
becomes  roddish-brnwn,  mclta,  and  hecomes  crystalline  on  cjmling. 

lii^'iiiilh  siflpJfilr^  Bij(S(>,)^  is  olitained  in  the  impure  slatf  I'.'' 
Iicatiug  liismulh  with  concentrated  sidphnric  acid  :  treatment  with  w»w 
coriverlB  it  into  the  difliuullly  aolnlile  Iwiaic  sulpbat-e  Hi„(0!I)j(S'l,). 
With  [Kitassiiiin  sulphate  it  forms  a  widl  chariLctergaed  duuhle  »!■< 
KBilSOJ^ 

When  .vnUuiii  thinmlpli'ilr  is  added  to  lii-smuth  salla,  n  clear  Itquitl 
IS  tormed  from  whi<:ii,  owing  tn  (lQcom[M"isit!on,  biamulli  flnlphjd*  i' 
slowly  dcpositpd.  The  aoliition  pntljalily  cimlains  the  siRlinni  sail  '" 
a  bismuth  ibiosnlphanion,  for  on  th<!  addition  of  potjiBsiuni  aalu  un' 
alcohol  a  ilitlicultly  eoluble  precipitate  of  KgBi(S„Oj|)j  -  H.,0  " 
ilep^isitod,  which  is  the  potassiuni  salt  of  the  aliove  ion.      It  his  If''" 
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Deed  to  flraploj  the  prei^jpitatc,  which  is  of  u  yellow  colour,  for 
iBleeuoii  ami  sqiarat km  of  [louissiuni. 

'Oi*.  Bismuth  Chloride,  BiCl^,  is  very  readily  formed  from 
mjl  iujil  fruci  clilaritLe,  ttio  eamljiiiiLlioii  taking  plsic-o  with  con- 
Hb  evoliitioiL  of  bc-cit.  ll  is  a,  tvhitu,  3r>f  t,  but  <:Ty3ta,llii>G  aubatauce 
n1)et-onies  very  dark  in  colour  thnnigh  excess  of  bismuth  ;  this 
'a  to  the  formAlioii  of  a.  lun'Cf  ciilorino  comjKiuiiti,  peih^ips  BiCl, 
iiigh  no  sunh  subataiue  bw  ln-ori  prepared  in  lliu  pure  stjiLe,  With 
r,  tL«  ckWiJe  ;Lt  oticv  depusits  u  stiufv-white  precipitate  of  basic 
ide,  or  rutber,  the  unhydride  of  this,  bisimslh  ozyi-Min-Ui',  BiOCL 
nibsUuice  bas  a  cuttain  similarity  to  tlie  mc-uovaltiut  chloriJes  of 
r  and  taercui'v,  nut  only  as  regank  it^  extcm^il  u]>[jfar:tnce  and 
tflicult  solubility,  but  also  in  its  property  of  betoruiiig  jji'ey  in  light, 
liconce  can  be  yivun  gnipiiicjdly  to  this  siniiliinty  by  assuming  in 
and  til  tlie   similar  cOnipouQiia  of  l>)5mutb,  tha  monovalent  loc 

which  has  been  calli'4  liismutltijl.  This  is,  however,  so  far,  only 
mat  aAsuui [•lion,  ainca  there  is  a$  yet  no  pi-oof  uf  the  i-'xistencc  of 
an  inn  in  the  solution. 

(ismnlFi  oj-ijchhrvl':,  BiOCI,  is  so  difficultly  soluble  in  water  that  it 
».  employed  for   Lht  [jrccipitation  of  bismuth.     For  that  purpose 

only  Ticceusiiry  to  iiitroduce  chlomlion  in  atmie  form  into  the 
Ion  nnd  thun  to  dilute  this.  The  dilutioiL  muat  bo  so  much  the 
«p  the  more  highly  ueid  the  li(|uid  was  at  tha  commencement;  it 
LriKaMc,  therofore,  vrhen  uniiiloying  this  method,  to  remove  the 
IS  of  acid  by  me:inH  of  ii,  base. 

The  bnmiulr  of  bismuth  is  very  similar  to  the  chloride,  and  formi 
I  very  ditfiiiultly  soluble  'injUroiiiiilf  of  n  white  coloui'. 
'iiimtitfi  tiHlidr.  iH  obLaiiiGil  froui  the  tlements  or  by  tlie  procipita- 
rA  bismuth  siilta  u'ith  a  large  excess  of  potAssium  iodide,  and  ia  & 
i-rtd  cryatttliine  substance  which  ie  decomposod  by  water  much 
•  slowly  than  the  oth^er  hido^ea  cooijiotinds.  With  mucli  w.it-er 
uth  oxyiodide  is  fornifld  as  a  liiRi  i«d  powder, 
iiamuth  iodide  diasoivoa  in  hydriixUc  acid  and  forma  hydrobis- 
liodic  acid,  HBil,.  411^0.  \Vith  the  iodidies  of  the  alkali  metali 
lalts  of  this  acid  arc  ohuin«d  ;  of  these  the  potassium  salt,  KBil^ 
lown  in  the  form  of  ruby-red  lamime.  The  complex  hj'drobis- 
rigdidioDf  Bil^',  is,  hoirever,  only  sliyhtly  stable,  anil  with  much 
Jbcomposee  iiitif  hismuth  oxyiodide  iind  free  hydriodic  acid, 
'09.  Bismuth  Sulphide,  Bi„S.,.  is  obtained  as  n  black-brown 
pitate  on  p'.k^siii^  t^iilphurctted  liydroj^trn  into  bi.^muth  solntious. 
I  obtained  crystalline  by  fusing  nieliilfic  bismuth  with  sulphur ; 
linnuth  sulphide  which  is  formed  dissolvtis  in  the  metal  and,  on 
ng,  separates  out  in  clusters.  It  oc^^urs  in  luiture  as  bismuth 
<,  and  is  Uied  for  the  preparALion  oi  bismnth,  which  \s  obtained 

the  glance  by  ruastijig  and   reduetion  of  the  oxido  formed  wicli 
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Biemiitli  sulphide  is  iiisolultle  in  dilute  ncids,  but  ilissolves  irii 
evolution  of  sulphuretted  hydrugen  on  Ijeing  heattd  with  coDoentnii 
hydrochloric;  ndd.  It  is  not  appreciably  soluble  in  alkali  sulplijilii^  * 
bclmviour  which  is  opposed  to  that  of  the  sulphur  comjwunds  nf  iu 
nearest  cougeiiere,  autilnoiiy  and  ftrsenic.  By  fusing  together  liitiiniitb 
sulphide  Jind  a!k:ili  sulphides,  howover,  fine  crystrtllintn  com[iiiiiiiiilK 
KlJiSy  and  NaBiS.>,  having:  ft  motallic  lustre,  can  be  obtained ;  tlief, 
hoTvevei*,  rapidly  iixidisc  in  the  nfr. 

710.  Other  Compounds.— It  wa&  mentioned  above  that  a  lo»tr 

chloride  of  bismuth  pruhahly  exists,  although  it  is' not  knonii  ns  a  pun 
substance.  The  existence  of  a  corrBSpRndint,'  oxygen  compound,  RiU, 
has  also  been  asserted.  It  is  obtiuned  as  ji  dark  brown  powder  hylhr. 
carofiU  ti-GELtmeiit  of  hisnnith  hydroxitJA  with  reduciog  siibslaiK^ior 
by  heating  bmaic  bianiuth  oxalate. 

A  higher  oslfle  of  l>ismnth,  fii.wmfli  pfntttxule,  BijO.,  is  obtainrf 
by  heating  the  hydroxide  with  strong  oxidising  agents.  Fiutliei',  ■ 
mixture  of  hisinuth  o>:ide  a.ud  i^uustic  potash  or  sodn  when  lusnl  in 
the  air  is  oxidised  to  a  brown  mass  whtcli,  on  being  treated  ffith 
water,  dejioaits  bi>imuth  pentoxidc  eoiitaminiLtcil  nith  idkiili.  Iil  the 
brown  nLclt  thi'To  possibly  exists  the  iilknli  sidt  of  (t  bisiauthif  iicul, 
in  ftquejuia  solution,  however,  such  salts  eaunol  b«  ublaimad,  iw.  llier 
are  immediately  hydrolyaed.  Biannith  pentoxidc  is  obt/iirini  u  a 
hflavy,  brown  jjowdor  or  as  a  hydmt^  of  a,  rud  colour;  it  is  insoliihli 
ill  ntids  and  Iwses,  and  is  converted  by  hydrochloric  acid  into  <Me 
trichloride,  with  evolution  of  chlorine, 


1.  General. — With  aiitimoiij"  vm  comni&iiae  the  consuler.itioii  of 
mcUils  uf  the  till  gruup,  In  ^vhtch  a  uiimber  of  elemenLs  Jtre  clas^crl 
bgt'tlier  beliinigiMj'  to  iJitt'eront  tintunil  families  nrid  forming  torre- 
poiidin^  swVgroups.  Their  common  cLarficteriatic  la  the  ])redoiiiinatr 
ig  tendency  to  fnrri  tifii/  compomids  in  pliici::'  nf  thi^  biisic  ones  yielded 
s  the  utbcr  uiQtuIs.  Theic  oxides,  espuciulLy  those  conipfu'iitivdy 
icb  in  oxygen,  behave  aa  the  anhydridfs  of  acids,  ,-uid  tlioir  sulphur 
DnipouiKl^  dissolve  id  the  solutloiiB  of  tlic  idkali  sulphides  with 
Brmation  of  tliirj-mff.'  (ridf  iri/ni).  Tlie  last  characteristic  which  is 
f  importitnce  in  analytical  chfimiat-ry  has  given  rise  to  tht<  fonniiLidii 
I  the  whole  group,  and  the  relations  which  are  here  met  with  will  be 

r«ntly  discuseed  Jti  f;veater  dctrtil. 
On  aceouat  of  the  matiifold  und  widicly  extending  affinity  relations 
^dating  helweea  th«  element?,  wo  bHaM  repeatodly  lind  reaemblances 
other  grtjiipa,  and  it  would  be  poaBible   to   class    several    of    the 
tit«  conaidcred  here  along  with  others  previoualy  diacU3i;«d.     By 
a,  however,  o£  the  variety  of  the  i^clation ships,  a  system  of  the 
leiits,  sutti<ient  in  all  reepects,  cannot  be  framed,  and  the  aiTiinge- 
leati  which   h;is  here   been   retained   has   therefore  been  di>temiitied 
ly  by  didattio  considerations. 
,     "12.   Antimony. — Ajuimoiiy  is  allied  on  the  one  band  to  fjisntitfli, 
Ifcd  on  the   other,  to   arsniic   and  j»ho.-q>horus.     It   therefore  forms  a 
ition  element  between  the  metala  and  the  non-metals,  but  is  still 
tiallv   on    the    sido    of    thu    niiutals.       Its    coiubiniug   weight    is 
=  120-2. 

'  AiUimoitij  is  a  grey-white,  lustrous  metaL,  having  the  density  6-7  j 
nnu  the  fuaed  ma^  it  solidifies  iii  a  distinctly  crystalline  form,  and  is 
ttill  temperaluras  so  brittle  that  it.  can  be  easily  ground  or  pounded 
P>  a  powder.  It  raelta  at  a  reil-hiiat,  and  volatilises  at  a  high  tempera- 
hue.  Th«  vajiour  exhibits  a  variaWo  ruolar  weight  in  the  neighboiii"- 
fcwmj  ijf  290.  Thia  unmbcr  corresponds  Uy  no  simple  formuUL,  hut  lies 
►el 


Blweeu   Sb^  and  Sb^ 


proltably,   therefore,   we   are 
I  pour. 


dealing  with  a 
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III  the  jtiiu-ritial  series  antimony  stands  besMe  hismuth ;  it 
TiDt,  thar^^foFt?-,  docomjiose  diluto  ;u>jda,  a.ud  it  alag  remains  iinchai 
in  llio  air.  On  being  heu-ted  it  rendily  oxidises ;  a  piece  of  aiitiio 
fii9«d  oti  churcofll  before  the  ttlowpipe,  continues  to  glnvr  even 
the  flame  has  been  i-emoved,  the  aritiniony  burning  to  antimony  ax 
If  a  aniiill  globe  of  strongly  heated  &ntJinony  is  thrown  on  u  p 
of  paper  with  upturned  edges,  it  skips  al>oiit  on  this,  burning 
Hie  while,  and  leavea  verj*  reguJarly  marked,  hyjwrholie 
<Fig.  123). 

Bf'sides  the  rtrdinnry  nntinony,  an  nifnln^it  farm  of  Icsa  stAbilit 


Pro..  IM. 


I 


known,  which  is  obtained  aa  a  silver-ivhito  metal,  of  dtiiidty  5*' 

ehnvly  decomposing  u  coiicentnLted  Bo!iitiu»  of  untimuny  chloridl 
hydrochloric  acid  with  the  electric  current.  Tho  luotal  wliici 
deiiosittjd  falls  to  a  powder  with  slight  explosion  on  being  scratc 
by  a  sharp  body,  ordinary  grey  antimony  Veing  formed  with  > 
sidoraldo  evolution  of  heat.  This  albtroinc  raeLal  is  not  pure, 
cDntains  antimony  chloride,  ih*  amount  of  which  varios  with 
CDiiditions  of  the  fxpLiiiraent. 

713.  lotta.  of  Aatimony.^Antiqiciny  can  form  comp«>iiiidi 
tlio  trivatL'Ht  and  of  the  jHinUvaloat  typo;  ordy  the  former  of  ii 
hnwovor,  yiohb  a  '"'-""'■  hylrc/nle,  whilo  tho  hydroxi-le  i>f  the  I* 
lypa  ia  nn  nryacid.      They  aach  show  the  biisit-  «nd  acid  charo 
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pectiTely  only  in  a  slight  degree,  and  the  number  of  well-cbaracterised 

I  of  ajiLimony  is  therefore  not  Large. 

The  compounds  of  the  tri*-alent  tin^e  are  the  IietWr  known  and  the 
n  stable ;    they  are   the    only   ones   occurring   in    nature.       The 

;pounde  of  the  pcntaralenl  type  are  produced  from  tlie  former  hy 
kctioD   of   iitrotig  oxidising  agents,  and  can  be   readily  reduced 

in. 

The  existence  of  a  trivalent  antinionion  is  {irohable,  since  there  are 

Otioiie  of  autiiuony  snita  which  Iwhavt;  in  general  like  &att£.  These 
ts,  derived  from  the  baae  aiitamuy  hw/wAdr,  Sb^OH)^)  are,  ho\V' 
iM,  grewtly  hydrolysed  in  water,  and  clear  sc-liitions  can  bo  obtainetl 
lly  with  a  large  excess  of  acid.  Cotiscquetitly,  th'e  properties  of  the 
nlent  antituOnion  ate  not  kuOwu  with  great  exactness,  and  it  can 
^  be  sajd  with  regard  to  it,  that  it  is  colourless  and  has  a  very 

noous  action  on  th«  organism  of  the  higher  AtiitnaU.     In  email 

ititiefl  it  acts  as  an  tmrfir. 

7U.  Antimony  Hydroxide,  SlHOH)^,  is  obtained  rs  »  white 

ipitute  by  iLl'  liydrolysia  of  the  salts  of  antimony  ;  it  readily  loses 
let  and  IB  converted  into  the  anhydridef  antimony  oxide  SbjOj.     It 

be  converted   into   salt*  by  treatment  with  concentrated  acids  ; 

>  again  undergo  decomposition  on  dilution  with  water.  It  dissolves 
camttic  alkalis  ;  it  has  therefore  the  power  of  aplilting  off  hydrioa 

of  ftcti'ig  ■■LS  an  acid  in  a  similar  manner  to  alumina.  The  corr*- 
Emding  luilts  are  rc«iiicing  agents,  and,  for  example,  precipitate  silver 
th6  metallic  state  from  its  suits. 

Antimony  oiidc,  Sb^Oj,  crystalliaee  readily  and  proves  to  li6 
norphous,  ciystaHiaing  either  in  regular  or  in  rhombic  form.  The 
form  has  the  density  5-3,  the  second,  5G.  It  has  not  yet  been 
led  which  of  the  two  forms  is  the  more  stable  :  it  appeal's, 
',  to  he  the  rhombic,  t^ince  this  occurs  much  moro  abundantly  in 
Thoy  arc  both,  at  all  events,  more  stable  than  the  hydroxi<ie, 
e  latter,  even  under  water,  passes  into  the  crj'stalline  oxide. 

715.  Antimonioas  CUoride,  or  antimony  trichloride,  SbCI^,  is 
iKained  from  metallic  antimony  and  chlorine  by  using  excess  of  tbe 
rimer  ;  powdered  antimony  tjikes  fire  sponta  neon  sly  on  Ijcing  allowed 
►  bJI  into  chlorine.  It  is  obtained  more  cheaply  by  heating  antimony 
ciphide  with  concentrated  hydrochloric  acid,  whereby  sulphinetied 
[Pdrogen  escapee.  The  aqueous  solution  is  evapomtcd  and  distilled, 
hereupon  anhydrous  antimony  trichloride  psisses  over.  The  remark- 
>k  iMii  that  the  chloride  does  not  hereby  decompose  iiitt>  hydi-ochloric 
ad  and  antimonj'  otida,  aa  e.fi.  aluminium  chloi-idft  does,  although 
Umina  is  u  stronger  base,  is  probably  due  to  tho  fact  that  in  concuii- 
ftted  solution  antimony  trichloride  ia  very  slightly  dissociated  into 
liona,  and  therefore  undergoes  hydrolysis  in  a  correstwudingly  slight 
pgrae. 

Antinnvny  trichloride  is  obtained  as  a  white,  crystalline,  semi-soM 


710 


PRINCIPLES  OF  INORGANIC  CHEMISTRY 


mass  (hulter  vf  anfmejni/),  which  melts  readily  and  hoila  at  220^. 
decomposed  by  wator,  difficiildv  eoluble  oxyeblorides  being  depoai 
the  compDeitiou  of  these  depends  on  the  umoiuit  of  water,  the  turn 
of  eblorine  which  they  contain  being  all  llie  lesa  the  larger  ihe  qua; 
of  water 

Of  these,  the  compound  SbjOj,Cl„,  being  a  crystAllinc  subsUace.* 
best  chanictcmeK],  but  even  it  de<;oni[)oae9  itito  atititnony  oxide  tnl 
hydrochloric  acid  on  being  treated  with  more  water. 

Antimony  trichloride  combines  with  hydrochloric  acid  to  torn  % 
complox  lu/'hijuvlmoRif/ihrir.  wid,  the  sjtlts  of  which  lire  Oibuiinwl  bv 
pillowing  soluTile  chloriiles  atid  untimony  trichloride  t-c  crvstailisc  t* 
Bther.  The  comiioaition  of  those  siilts  correspoiLda  to  ^'arioiis  ty^a, 
id  it  has  not  yet  been  osttibliahed  whethc-r  we  are  dealing  with  vari- 
ous complex  acids  or,  piirtly,  with  double  salts.  The  most  frecjueat 
type  ia  M^SbC],.,  eont^ining  jirobiLbly  tha  trivalent  nnioti  SbCln", 

71C.  Antimony  Tribromide,  SbUr-^  is  formal:  with  gn-at  rin 

of  temperature  on  bringing  the  elements  together.  In  it^  projiertiM 
it  ia  very  aimtlar  to  the  trichloride  and,  lilte  it,  dccontposes  with.  tbWt 
intu  baaic  bromide  itnd  free  hydrobromic  aeid.  The  boiling  point  tl 
270",  the  melting  pnint  95^ 

717.  Antimony  Tri-iodide,  Sbl^,  is  obtained  from  the  elcniMiu 
by  wanning,  and  cry.stidliaes  in  three  different  forms  whose  relnlivt 
degrees  of  stability  have  not  yet  been  determined,  Acconiinj;  Ui  tii( 
form,  the  colour  of  the  crystiils  ia  dark  red  or  grecn-yellow;  tfac 
melting  point  of  the  form,  stable  at  higher  temperatures,  is  167°  llw 
boiling  point,  400'';  the  vapour  of  the  tri-iodide  is  of  «  fine  scarlt* 
colour.  With  water  it  decomposes  in  the  sume  manner  aa  the  olher 
halogen  compoimds ;  the  Bolution  containing  antimony,  which  is  ib«rclv)' 
pi-odticed,  ia  coloured  yellow,  from  which  (he  presence  <if  undiBsociatB'! 
iodide  in  the  aiiueoua  eolntioii  can  be  conchided.  The  prcTipitate  of 
oxyiodide  is  red  to  yellow  in  eolonr,  and  the  colour  is  so  mnch  [h( 
brighter  the  emalier  the  amount  of  iodine. 

Antimony  tri-iodide  unites  with  the  aoluhlo  iodides  to  font 
cotnplex  salts,  which  belong  chiefly  to  the  typo  M>SbI,,  >^'ith  the  uiiw 

sbi;. 

718.  Antimony  Trifluoride,  SbF,„  is  «  white  nutSH  similar  tc 
the  trichloride,  which  can  be  di-ssolved  in  water  without  the  sepiirniioii 
of  precipitates.  Thia  is  probably  due  to  very  slight  el«i.-tn ily tic  di»- 
sociation  of  the  lluoride.  Complex  salts  are  known  with  the  alkili 
fluorides. 

71^.  Antimony  Trisulphide.— The  compound  Sb,.'^,  oocura  in , 
nature  as  tht*  m"pt  "■ifltspn.'iid  m'o  of  fliititnoiiy,  "nd  is  called  aitUiii>^ 
ffltmce  (or  slihnite).     It  is  a  grey  Kubstance  crystallising  in  long  needle 
of  a  metallic  lustre  ;  it  readily  nielte,  and  on  being  belted  in  tli«  aii. 
paaaes  into  antimony  oxide,  the  sulphnr  tieing  bnrned. 

From    fiolutione    of   triviUeiit   antimony,    the    trisulphide    is  in* 
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(Topoaetl  to  employ  the  precipitate,  which  is  of  a  yeilnw  colour,  for 
le  (k'tectlon  and  scEifiration  of  potiLssium. 

70S.  Bismuth  Chloride,  liiClp  is  very  readily  fornieil  from 
i&muth  uiid  free  (chlorine,  tlie  combinuttaii  taking  place  tvitli  con- 
^erable  evolution  of  beat.  It  is  a  wliito,  soft,  but  eryatalliae  substsiitL-a 
bich  becomes  very  dark  in  colour  tbrougk  oxci^ss  of  bismuth  ;  this 
Dints  to  tlie  formation  of  a  lower  chlorine  comjiouiid,  psrhiipa  BiCI. 
thougb  110  sucli  gubstanve  bjis  been  jirepitred  iti  tbe  puce  st^ite.  ■\\'itli 
Bter,  the  chloride  at.  once  deposits  a  snow-whito  precipitate  of  baaiu 

loi'ide,  or  rathei",  the  anhydride  of  this,  htsinutli  {jjychU'iiiii',  BiOCl- 
'his  subsUrice  has  a.  certain  similarity  to  tliu  monovalent  chlorides  of 
Jver  (imi  nierfiiiy,  not  only  rts  ret'iu'ds  its  externaJ  app.'JAr;ince  M\d 

difficult  sitlubUity,  but  also  in  its  property  of  hci'oininy  grey  in  light, 
^orainenee  nui  be  givoii  giMphicdlly  lo  this  similarity  by  assuming  in 
is  anil  in  llie  similar  compniinils  of  bisunitli,  lUc  mrmovalent  ion 
iO',  which  linfl  been  ciill<?d  hisuiullnji.  This  is,  howuver,  so  fiir,  only 
formal  Hseimiiition,  eince  thera  ia  as  y«t  no  proof  of  iha  existence  of 
X'h  an  ion  in  thu  solution. 

Jiismiitk  i/.ri/rji.lciri<lc,  KiOCl,  is  3o  dilTiciiUly  soliiblu  in  water  that  it 
,11  be  ■  I'm  ployed  lor  the  precipitation  of  iiiaraoth.     For  that  purpoee 

is  only  iieceasary  to  introduce  chloridioii  in  soma  form  into  the 
ilution  and  then  to  dilute  this.  The  dilution  must  be  so  miieli  the 
peater  the  more  lii^hly  acid  the  liquid  wits  at  tho  ^ommenciiinunt ;  it 

advisable,  tliercEure,  when  employing  thia  method,  to   remove  the 

ce-sa  of  ucid  by  means  of  a  hda^. 
The  brmiiide  of  bismuth  is  very  similar  to  ihi;  chloride,  itnd   forms 

10  a  very  difficultly  soluble  fXi/ljroniidc  ol  a  wJiite  coloui'. 

lihmatk  itKlide  i*  oVitaiiiei.l  from  the  elements  or  by  tho  precipitH- 
on  of  bismulh  salts  with  A  large  excess  of  potsisaium  iodide,  and  is  a, 
latfk-rcd  crystalline  aubatiince  ivhich  h  decomposed  by  water  much 
art  slowly  thftti  the  other  halogen  compounds.      With  much  water 

muth  oxyiodide  is  formed  aa  a  fine  red  powder. 
Bismuth   iodida  dissolves  in   hydriodic  acid  and  forma  hydrobie- 
iiithiodic  acid,  HBJI^.  ■iH.,0.     AVith  the  iodides  of  the  alkali  metals 
c  salts  of  this  acid  are  obtained  ;  of  these  the  potassium  salt,  KBil^, 

known  in  the  form  of  ruby-ri^l  larnuiie.  The  coraple.'C  hydrobia- 
.uthiodidion,  Bil^',  is,  however,  only  slightly  stable,  and  with  much 

iter  decomposes  into  hisniiith  oxyiodide  and  free  hyilriodic  add. 
709.  Bismuth  Sulphide,  Bi.,H.;,  is  obtained  as  a  black  brown 
recipitato  on  piissiny  aitlphnretted  hydrogen  into  bismuth  eoliitiona. 
;  is  obtained  ciyetidliiio  by  fusing  metallic  bismuth  with  sulphur; 
,e  bismuth  sulphide  which  is  formed  dissolves  in  tho  metal  and,  mi 
oling,  separates  out  in  cluBters.  It  occurs  in  nature  as  liifniulh 
anrv,  and  ifi  used  for  the  preparation  of  bismuth,  which  is^ 
am  the  glance  by  roasting  and  rediietion  of  the  oxide 
Brcoal. 
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The  naturally  occurring  aiibiitiODy  glance  ia  employed  for  the 
pnration  of  metallic  aDtimoiiy.  The  fgH,  amorphous  form  18  user) 
dye  under  the  name  ancimtiny  vermilion  ;  red,  viiloanified  indiom' 
ia  coloureil  with  [intimony  aiilphide. 

720.  Complex  Antimony  Compounds, — Trivntent  antimoi 
has,  in  a  very  itmrked  d(?greo,  the  property,  alreaiiy  mentioned  in  l1 
taBe  of  other  hydroKideB,  of  forming  complex  compounds  witti  orgm 
substances  containing  several  hydroxyl  groups.  The  most  imporiant 
of  these  is  the  compound  with  lirlarie  acid,  which  yields  an  anltw^i^ 
iartark  iirid  :  in  coutraat  with  the  ordinary  aTitiuiony  compound*  tliii 
compound  ia  not  disBociated  lij'ili'ulytically  by  water,  so  that  it  cm  (* 
diHsolvetl,  and  the  aolntion  diliited  without  thw  separation  ol  basic 
aubatani'es.  The  exact  discusfiion  of  theanj  compounds  mml  W 
reserved  for  organic  chenuatry;  they  have  lieen  meBitioiied  hem 
because  tartaric  acid  is  employed  in  analytical  chemistry  for  Uic  \ns- 
poae  of  preparing  riear,  dilute  solutions  of  antimony  salts.  For  this 
purpose  the  addition  of  a  aoJutton  nf  tartaric  acid  to  the  iiipiiJis 
HufEcient.  The  form;i,lion  of  the  complex  compound  takea  plare  <ii 
quickly  that  the  desired  result  ia  attained  in  a  few  moment*.  Fwm 
Bucli  Holntiona  aniiniony  sulphida  is  precipitated  by  sulphiiicueil 
hydrogen,  showing  that  the  complex  yiel<ta  snfliei<^nt  lintimonion  for 
the  solubility  product  of  antimony  triaulphide  to  be  exceeded. 

721,  Antimony  Pentachloride,— By  moana  of  oxidieing  agciita 
it  is  possible  to  pass  from  compounds  of  trivalent  to  those  of  \m\^ 
vaJent  antimony.  If  chlorine  is  passed  over  antimotiy  trichluriile, 
a  heavy  li<iuid  which  fumes  in  the  air  ia  produced  ;  this  is  nlw 
obtained  from  antimony  and  chlorine  by  using  excess  of  the  latwr, 
At  1+0°  it  commences  to  boil,  and  the  determination  of  the  va| 
density  shows  that  it  exists  in  the  vaporous  condition  for  the  great 
part  1111  df  composed.  Chlorine  is,  however,  vorj'  readily  split  off,  nini 
even  when  the  boiling  is  continuod,  so  much  of  it  escapes  that  tln^re 
remains  a  considerahle  residue  of  trichlorido.  On  the  whule,  therefore, 
the  compound  behaves  similarly  to  phosphorus  pentachloride  (p.  3G1| 
hut  is  Bomewhat  more  stable. 

Antimony  pontachlorido  unites  with  water  and  forms  van 
hydmtoa  which,  however,  are  formed  only  when  a  small  quantity 
water  is  used,  clear  solutions  beiuf;  then  produced  ;  whfii  dissolved  in 
much  water,  it  undergoes  complete  hydrolysis^  and  difficultly  sohi 
aatimonie  acid  is  i3epositeil.  It  enmbiuL's  with  hydrofliloric  aciii 
form  a  fairly  stable,  crystalline  subBtance,  which  dissolves  witll' 
daconi position  in  a  small  quantity  of  water,  and  has  tha  composil 
HoSbClip.  I0H,,O. 

An  antimony   [lentaljroioide   is  not  known  ;  the  existence  of 
pentaiodide  is  aho  douhtful. 

V22.  Antimonic  Acid^Antinnmic  acid,  Sb(On).,.  or  its  luiby- 
drides,  is  obtained  by  tbe  decom position   of  antimony  peuUcldi'iri>le 


EBtt^ 

luni 
ure 
ore. I 

I 


ANTIMONY 


ipiUtcd  bj  9iilpliu]'etteiJ  liydrogen  as  a  yollow-red,  non-eryatiilline 
ubatancB  which,  on  being  gently  heated,  piisses  iuto  grey,  crystal  Hue 
ffitimohy  suli>hid9.  Cohversely,  wbe:i  fused  atibnite  is  ijuickly  tooled, 
ji  amorphous  tuaas  is  olitiiiiied  whick  is  traiisluceiit,  and  of  a  dark-red 
©lour,  and  becomes  yello-w-red  on  being  powdered.  The  relation 
which  here  exists  ia  therefore  airaiJar  to  that  between  amorplioua  and 
uyatallina  sulphur,  the  nmoriihoiis  form  tieiiig  the  less  stable:  the 
elocity  of  transformation,  however,  at  the  ordinary  temperature  ia  so 
.all  that  it  cannot  be  observed. 
Antimony  sulphide  ia  not  appreciably  soluble  in  dilute  acids;  it 
iiseolvea  in  strong  hydrochloric  acid  with  evolution  of  sulphurotted 
lydrogcn.  For  this  reason  untimoiiy  ia  precipitated  by  sulphuretted 
ijjdrogen  from  acid  aolutioii,  provided  that  the  anlnUnn  is  dilute  with 
pact  to  the  acid.  When  antimony  sulphide  haa  been  brought  into 
■liltion  with  concentrated  hydrochloric  acid,  and  if  the  lir^uid  which 
<ntains  sulphuretted  hydrogen  is  diluted,  a  precipitate  oE  yellow-red 
timony  sulphide  is  obtained.  The  i-emnrkable  phenomenon  that  a 
recipiuitfi  (not  due  to  hydmlysis}  i&  produced  by  dilution  with  water, 
B  explained  by  tho  fact  that  the  antimony  triclilondu  prpsent  in  con- 
Bfintrated  eolution  contains  the  antimony  almost  entirety  it*  the  form 
[>f  an  nndis&ociated  comi>ound  (p.  709);  the  antimonion  necessary 
or  the  reaction  with  tho  sulphuretted  hydvogen  is  formed  only  on 
dilution. 

Antimony  sulphide  reiidily  dissolves  in  the  alkali saipfiides,  aspeeially 
tlio  polyanlphidea.  A  compound  of  the  pontavalent  series  ia  thoreby 
ormed,  when  excess  of  sulphur  is  present,  ami  the  reaction  will  he 
discussed  Inter  in  greater  detail. 

Antimony  sulpliido  ul^o  dissolves  in  concontrattid  and  hot  solutioua 
Df  the  alknh  hydroxides  and  carbonates ;  on  cooling  and  diluting,  it  is 
gain  preci]iitated  as  a  brown  powder.  This  precipitHte  was  fonnerly 
.pplicd  in  inetlicioQ  und^r  the  name  kermes ;  Biuce,  however,  it  ia  a 
variable  mixtnre  of  amorphous  antimony  sulphide  iind  antimony 
oxide,  its  medicinal  action  varies  acconling  to  the  method  of  its  pre- 
paration. The  reaction  which  here  occurs  has  not  yet  b*'ei]  sufKciently 
explained  ;  -we  are  dealing  osacRtially  with  tho  formation  of  the  alkatl 
salts  of  antimony  oxide  (p.  709),  and  of  tlie  corresponding  compounds 
of  antimony  aidphide,  which  are  stable  in  hot,  conteiitrjitcd  solution, 
vhereas  on  cooling  and  on  dilution,  the  equilibrium  ia  again  shifted  in 
the  opposite  sense,  Le.  nntLmony  sulphide  ia  ugain  formed. 

Uho  is  made  of  the  precipitation  ot  the  antimony  compounds 
by  sulphuretted  hydrogen  for  the  detection  and  estimation  of 
iUitimony.  Since  the  amorphous  precipitate,  even  after  being  diied 
at  100",  still  contains  appreciable  quantities  of  water,  it  ia,  in  qtuuiti- 
lative  estimations,  converted  Iiy  careful  heatin'r  in  an  (itmoapher* 
free  from  oxygen  {in  a  cun-ent  of  carlwm  dioxide),  into  the  gray, 
crystttUina  form  which  ia  of  constant  composition. 
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acid,  but  contains  sulphur  in  pWe  of  iixygeu.  We  hftv^  » 
(p.  418)  laeL  with  such  ii  compound  iii  che  case  of  thiocti'botiu 
and  the  relatiouBhipa  whiiih  are  found  were  explained  there. 

Iti  the  case  of  the  nietala  grouped  together  in  the  present  c 
tho  formabions  of  such  thio-ioris  is  a  gencr&l  phenomenon,  MOd  1^ 
solubility  of  their  sulphides  in  alkali  sulphides  is  due  to  the  fomuliiin 
of  aohtbie  iilkwli  salts  of  such  thio-ione, 

As  ill  the  case  of  the  oxyacids,  the  higher  compounds,  i.'',  iIhw 
riehei"  in  sidphiir,  have  the  more  strongly  ncid  chwraetpr.  For  iii> 
reason,  rkntimony  Lrisnlphide  is  oiily  very  slif[liUy  snluMt-  in  thuiiiluu 
solutions  of  the  iilkali  w((W(<>aiiIplitdos,  Imt  is  readily  soluhle  in  tht 
yellow  solutions  which  contain  jw/jj/sulphides.  In  the  former  cmb  a 
saEt  of  thionntimonosion,  SKSg'",  would  be  formed ;  such  an  ion,  how- 
«Tor,  does  not  exist,  and  the  saline  compounds  corres|jonding  to  il 
which  are  formed  to  It  cort^ijtt  extent  in  coneentrjited  soSiitiorva,  flrf 
decompoaed  by  water.  The  salts  of  thioantimoitic  acid,  liovrever,  4" 
very  etiible,  and  these  are  iinmediatoly  formed  when  the  n&cejMirv 
sulphur  «Ub  be  obtained  from  the  polysiiiphido  present. 

Free  thioantimonic  acid,  H^SbS^,  is  not  known.  If  hydrioti  if 
introduced  into  the  solution  of  one  of  its  salts,  sulphuretted  hydrogfn 
and  !intimoiiy  pontasulphide  iire  formed  :  2H.,SbSj  -  Sb„S,  +  i\i^- 
The  process  corresponds  exdctly  to  tlie  formation  of  an  nnhydride  vHib 
separation  of  watpr,  the  plaee  of  water  being  taken  by  eulphiirctlel 
hydrogen  in  the  case  of  the  thio-acid. 

The  a/dimoni/  •pentosiilfhule  which  can  be  obtained  in  this  vxv  i' 
very  aimilar  to  the  amorphous  trisulphido  aa  far  as  external  iipjioiraJLCt 
is  concerned.  It  readily  decnmpoaea  into  trisulphide  and  siilpbiii.  (n 
that  ftmounts  of  sulphur  varying  with  the  previous  treatment  r-aii  V 
extraeted  from  the  jiroduct  with  earlmn  disulphide.  It  is  solntilc  ntfl 
only  in  tiio  nionosnlpliiiles  of  the.  aJkaJL  metals,  but  aleo  ia  tlf 
hydroxides ;  in  the  latter  case,  untiraonatH  is  formed  in  the  dultition 
along  with  bhioantimonate,  or,  the  »ult;»  of  iin  untiraoiiie  acid  in  wbidi 
only  a  part  of  the  oxygen  is  replaced  by  sulphur  are  formwl.  1' 
diBaolveR  eveTi  in  the  nlkali  oirbonates,  idthongh  with  soni&wlu.i 
greater  difficulty.  The  pen  u sulphide  obtained  by  precipiwiion  from 
Schlippe's  salt  ia  employed  in  medicine  under  the  niuua  "ftiif* 
sulphur  of  anliniimij," 

The  solutions  of  the  thionntimonates  mostly  give  precipiut^s  with 
the  stdts  of  the  heavy  raotaJs  which  are  practiciHy  insoluble  in  waW( 
a,nd  are  coloured  yellow,  red,  or  black.  These  -co-mpounds  are  lit* 
Scblipjte's  salt — salt^like  cnnijiounds  of  trivaienl  tbioantinionaninn. 

("24,  Antimony  Hydride. — The  relationship  of  niitimcHny  ta 
nitrogen  and  phosphorus  is  seen  with  especial  clearness  in  its  power 
of  formitig  a  gaseouB  tumpound  with,  hydrogen,  SbH^,  whicii,  « 
regards  its  composition,  belongs  to  the  same  typ«  as  ammonia  and 
phosphorettcd   hydrogen.      This   compouiid,   certainly,   has    no    huK 
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iroperties,  but  this  conBtitutee  no  esaential  difTcrence,  since  these  are 
iractically  wanting  oven  in  the  case  nf  phosphorctted  hyilrogen. 

Aniitiiony  hydrkk,  SbH,,,  ia  obtained  by  the  activit  of  acids  oa 
lllays  of  autimonv  wntli  other  inetala  which  decompose  acids,  espodally 
fific.  In  this  w&y  tha  antimony  hydride  is  always  obtained  mixed 
Ifitli  much  hydrogen.  It  can  ba  soparated  from  the  mixture  by 
rtrongly  cooling,  but  ot\  volatilieing  th«  sejmmtcd  rowfi,  it  very 
readily  decomposes  und  can  lje  prCKerv^d  for  some  hours  only  I>y 
Employing  special  precautions.  Ite  smoll  Tscalla  that  of  hydrogen 
lulpliide. 

If.the  mixture  is  pa-SSfld  through  a  glag?  tube  heated  at  one  part, 
lie  nntimuny  hydride  dccwniposea  at  thnt  spot,  and  uietullic  antimony 
B  deposited  as  a  grey-black  eoaling,  which^  on  being  heated,  riina 
ogether  into  driips,  bub  cannot  be  rciulily  Tolatilised,  It  difTers  iit 
ihia  respect  from  th«  "  arsenic  mirror,"  which  is  formed  under  similar 
»ndition6,  and  with  whicli  it  could  he  confused.  Further  ditfereticea 
rilt  lie  given  under  arsenic. 

Antimony  hydride  burns  with  a  white  ilame ;  if  a  piece  of 
lorcelain  is  held  in  this,  unbiirnt  aiilimony  is  deposited  on  it  as  a 
ilnuk  soot,  which  ia  converted  at  the  edges  into  white,  floiiry-looltin^ 
intimony  oxide.  The  antimtmy  stains  eaii  be  reinlily  diatinf;iushed 
torn,  the  arsenic  stains  fonncd  uader  similar  conditions,  by  their  grey 
not  brown)  colour. 

In  a  aolutiun  oE  silver  nitrate  antimony  hydride  prvducea  a  blaclc 
iTBcipitate  which  contitina  silver  and  all  the  antimony,  ao  that  the 
lOlution  contains  only  nitric  acid  and  undecomposed  silver  nitrate. 

723.  Alloys  of  Antimony.-  -Of  the  various  metallic  mixture* 
9r  which  antimony  ia  employed,  the  most  imcwrtant  is  that  with  lea-i. 
Iven  fairly  amall  quantities  of  antimony  considerably  increase  the 
lardncss  of  lead,  aad  in  chemical  mnnnfactures,  where  the  chemical 
■esistibility  of  lead  is  required  alongwith  moderately  great  mechanical 
'esistibility,  such  alloys,  called  haril  ieiid,  are  employed.  Tf/pe-melal, 
&0,  which,  along  withjt  comparatively  easy  fusibility,  must  poaseaa  a 
efficient  hardness  and  the  power  of  exactly  filling  out  the  mould, 
nsists  essentially  of  lend  and  antimony.  Alloycil  witli  tin,  antimony 
ielda  ISritnnniu  metal,  which  is  used  for  domestic  utensils. 


726,  Gener&l. — In  iiccordancc  with  its  smaller  fombining  weight, 
araeiiic  deviatce  atill  more  tliiiri  ,-4iitiTiioiiy  from  the  type  »if  the  mebl!. 
and  exhibits  greater  similarity  to  the  non-metal  phosphorus;  milie 
same  time  the  tendency  to  form  acid  coinpoiiiiJs  iiicre-asos,  Id  irn:!, 
the  resemljlaiLCfl  of  arsenic  to  jihosphorua  is  ao  great  that  it  might  aUo 
have  been  trented  along  with  that  alemciit  nmoEig  the  non-metnla. 

Klenieiitary  nrsunic  occurs  in  variouB  lorias,  whitih  partly  rwill 
those  of  jihosphorus,  The  in-oat  sUi'jile  fwrm  is  a  grey,  crystiJliiii-' 
mast  "with  a  metallic  lllstrt^  On  being  heatPil  arsenic  dofs  not  fiiitc, 
but  paaaea,  tefore  reaching  ita  melting  point,  into  a  bi-owii-yellii* 
vapour.  It  can  he  fused  by  lieating  under  pressure ;  it  then  Boliilifirt 
to  a  Bteel-grey,  luetroua  masa  with  a  crystalline  fracture. 

From  the  vaptmr  density  of  arsenic  the  molar  weight  in  founi)  lo 
be  300;  since  the  eouibiniiig  weight  mny  he  tiikeu  as  75,  arstniic  va]xM 
has  iho  fornuilH  As^.  In  this  ro«pcct,  also,  there  ie  a  simitariijt" 
phosjihfirus  (p.  3'5r)  and  a  citftsiniilanty  to  the  inetiils,  in  the  ols*  ^'l 
which  the  mohir  w«iyht  coincidee  with  the  combining  weighL 

If  the  vapour  of  araentc  ia  quictiJy  cooled  afiturplimtf  urMiiif  « 
prodiicfid,  various  kinds  of  which  are  known.  The  niost  inteifsting 
of  these  13  ohtftined  by  v*ry  rspid  arnd  powerful  cooling ;  it  ie  yell"", 
non-metallic,  and  is  soluble  sn  carbon  dianlphide;  it  nipidly  underguO' 
oxidation  in  the  air  with  faint  lumine^cenfe,  nnd  emits  a  sineil  o' 
garlic  ;  in  short,  it  is  very  similar  to  white  phosphonis.  To  a  ceruin 
extent  it  differs  from  il  m  t\xo  greitfc  velocity  of  its  spontaneous  titn*- 
formation  into  the  more  stable  form,  which  is  greatly  acceleratdll')' 
light. 

At  the  same  time,  other  kinds  of  amorphous  arsenic  are  formed, 
more  espociaily  a  velvot-btaclc  and  a  grey  ^'iirioty.  All  these  forms 
are  iinstahle,  tuiil  aro  rapidly  converted,  especially  when  warmed^  in"' 
stable,  crystallino  arsenic.  Their  formation  attbrds  fresh  eiamplas  of 
the  pi-inciplo  that  the  nnatftble  forma  aro  produced  before  the  stable. 

That  as  a  rule,  only  the  c^rystJilHni;  form  appear^  to  be  fornwd 
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lie  vapoui',  ie  due  to  the  fitct  Lhat  the  phnephonia-Iike  arsenic 

rwluced  changes  almost  install  tan  oouslj'  into  the  more  stable 
Only  wttn  thv  velocity  of  this,  change  ia  diminishod  to  a 
|»aliic  by  rapid  cooling  al  a  ]tiw  tempcratiirp  c;in  the  iiiiBtu'ble, 
first  prwhiccd  be  obstTvcd. 

It.  Arsenic  Trioxide. — When  araenic  is  liwitcdl  with  araesa  of 
Bl  it  hui'ii*  with  ii  hi'iUiiiiit  uhite  Hmin;,  forming  an  oxygen  cnui- 
[  lij  wliich,  in  accordancw  with  iia  conijMisition  ;ind  vajwiar  density, 
Inoulii  As^O,,  iuti;9t  he  iKssigncd.  I'or  it  contains  "1  [inrta  of^ 
to  to  75  jmrts  of  ar&enic,  and  its  vapoitr  density  yields  thu  niolarB 
396-  SLricliy  sj->on];iiig,  therefore,  this  compound  would  hiiTfi 
lUttd  ursciiic  hexo.vidi.-,  liut  unu  hjis  bemmi'  ai-custonuid  to  write 
niiilii  AbjO,,,  Ktid  to  tali  tlio  sulistaiice  aracnie  trioxide.  In 
life,  ill  which  ihia  LtunpouMd  (iliiys  a  uertuin  role,  it  is  eaUed 

or  simply  atytiiie.  fl 

lie  trioxide  occurs  in  various  forms.  \\'h»ui  tnanufactniud  on  ™ 
sotle  it  appenra  in  the  tirat  instance  as  »  transjiarent  glasd, 
I  iif  gnicmllv  coloured  slightly  ydlow  by  traces  of  iuijuu'itiea. 
^a&s  is  amorjilnni!!  arsenic  IrioxittL*.  On  bting  kept  sonio  time 
Itccomes  niilk-*vhit<i  and  looks  like  porcelain;  since  this 
is  iirai'lemted  hy  the  luuisture  in  the  air,  it  pnieoi?d8  from  the 
towanls  tlie  interior.  On  hrcjvking  a  nioderatoly  large  piece, 
a,  which  has  on  all  sido^  assiuued  a  poreekin-Hko  appcrirance, 
b1  of  unchanged  glassy  subsCancu  is  frequently  fount!  in  tha 
The  porcelain- like  mass  is  cf'/niiiUhir  arsenic  trioxide.  Since 
produced  apoiitiineonsly  from  tlie  Jimorphons  fonn,  it  ia  the 
.hlo  of  the  two,  and  in  acconljince  with  a  general  law  (p.  261)  fl 
iUt  solvents  \bss  soluble  thiin  tho  amorphous  fono.  \\1ieti,  S 
e,  water  ia  in  contact  with  the  two  fornjs  the  Bolution  which 
in  respect  of  the  amorphous  fomi  will  be  siipersfitui^ated 
of  the  cryatidliiio  form.  The  amount  of  tht'  latter  will 
'p  iiicrcjiso  from  tho  solution  ;  this  Ijccomos  uiisat united  in 
of  the  amorphous  form,  dissolves  fresh  ([uantitics  of  it,  and 
it  Its  crystal  This  process  h  coJttiiiiiod  until  all  the 
fcous  substance  is  converted  into  rrystalliui!.  This  furnishes 
n>laiwtion  of  the  accelerating  influence  of  moisture  on  ths 
(Nation  (cf  p.  C76). 

krger  cryst^als  of  arsenic  trioxide  are  obtained  by  dissolving  thej 
JBCe   in   u^arni   hydrochloric  acid.     On  cooling,   it  separates  out 
iovrly  and  forms  regidar  octahediii  ivith  a  diamond-like  liutre. 
nnned  cryalji]!?  can  also  be  obtained  by  sublimation.     Araeuioj 
like  rautrtllic  areenic,  also  pasaea  without  fusion  into  vapour. 
ides  the  regiiUr  form  of  arsenic  trioKidi*,  a  monoclinic,  p8eud<>' 
aUo  tJtists.     Ic  occurs  (rarely)  in  nftiure,  imdasa  niinijral 
elititdclitf.     The  sliability  relations  of  tho  twii  cryaUillina 
not  yet  been  determined. 
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In  the  man ufiicti ires,  jii'senic  trioxide  is  olitainitrl  by  maaiiiig 
arsoniojvl  oras.  Thu  trioxide  ia  oolleoMd  l>y  Itadin^'  the  viipoiin 
produced  through  chamhors  and  pussa^a  of  niiURinry,  in  whicb  tiit 
trioxide  is  depoaited  ;w  a  powyU^r  known  as  " iMi»'ii-jitmr."  Thin  u 
purified  liy  R'suMimiition  flora  iron  pots  hu*-irig  cyliiirJera  placeil  nmT 
them,  ;in<l  ia  thereby  obuiimd  iii  th-c  glfissy  form. 

ArHeiiic  trioxide  is  only  spjtriiigly  aulnfilc  in  water.  On  pWiag 
the  powder  in  wnter  it  is  not  wetted,  .nnd  owing  to  the  surface  tension, 
it  remaina  iloauiig  on  the  water  although  ita  density  is  3-7.  The  Wl 
of  formation  of  ihu  trioxide  AsjO^  is  6-17  l.j. 

Arsenic  trioxide  readily  loses  oxygon.  In  ordL-r  t*»  show  tliis,  n 
anidll  gl.nss  tnhe  is  drawn  out  lo  n,  |K>iiit,  and  fused  off;  a  jiai'tidt  of 
arsenic  trioxide  \a  then  plnced  in  tlie  |inint,  and  wlM>ve  it  a  suitill  |tiii-c 
of  freshly  ignited  wooil -charcoal.  If  th«  tulie  is  so  hcalod  lliai  id* 
charcoal  is  lirRt  ciuised  to  glow  and  then  tfao  aiiionic  trioxide  volttliliNii, 
tho  Utter  lusus  its  oxygGii  in  (^ontiu-t  with  the  charcoal,  and  the  lilK-niied 
arsenic  ia  deiMsited  as  a  lilack  coating  on  tin)  colder  jjortiitns  uf  the 
tnlie,  This  "(irs'-«/c  wirrw"  can  ba  cjusily  rocogniBed  liy  its  fcolilv 
mctidlii;  lustre  anil  the  brown  colour  whi<.'b  it  shows  iii  thin  layers  li 
transmilted  light.  By  mausa  of  thia  experiment  very  Email  i|iiMHiti 
of  the  trioxide  ciui  bo  detected  with  certainty. 

When  greatly  diluted,  arsenic  trioxide  is  used  as  a  medioamtiiii- 
It  ia  rctruarkable,  also,  that  the  urganism  of  man  and  the  nnimola  oui 
^adually  liecomo  accUBtomed  to  large  quantities  of  araenic.  By  niauis 
of  it  horsee  uc-^uire  a  healthy  and  spirited  nppoarunce,  and  areeolc 
(■aters  also  a-sscrt  that  thfy  can  undergo  much  more  bodily  fxerlinn 
under  the  iiiHuence  of  this  isnbstance.  The  organism  accust'Oined  10 
arsenie,  however,  rapidly  ttecays  when  the  iise  of  this  subBlAiico  i» 
internipted.  and  it  can  Iw  kept  in  an  attive  condition  only  by  regiilat 
or  increased  rluses  of  the  pfjiaon. 

72S.  AraenlOUS  Acid. — ^Thc  aqu&otia  eoktion  of  arseniu  Iriustds 
has  11  feehly  acid  reitcliori,  and  contains  an  acid  which  is  forraod  from 
the  trioxide  by  the  addition  of  the  elements  of  watar.  A  decompiwi- 
tion  tiikiJB  place  in  the  process,  so  that  the  acid  contains  only  "W 
combining  weight  of  arsenic,  .  \Vliich  of  the  two  hydniteB  HjAiO,  ml 
HAaOj,  prciimunaies  in  the  solution  (for  we  must  assume  that  Iiolli  nro 
present,  although  in  very  varying  amount)  ia  unkno^i^l ;  at  all  ov^nU, 
the  acid  present  in  tho  solution  behaves  as  a  tcelile  monoliasic  ucid, 
and  th<'  formula  KAaO.H  with  tho  iims  H'  and  AaOj',  will  therefore  ho 
the  moat  appropriate  representation  of  the  facts. 

Tho  electrolytic  dissociation  of  ai^enioiis  acid  is  extremely  siiiull: 
its  soluble  salts  are  therefore  tlissociated  hydrolytJcalty  lo  an  apjiri'ci- 
able  extent,  and  the  alkali  salts,  more  eajveeially,  have  an  alkalin'' 
reac(.ion.  The  salts  of  the  other  metala  correapond  to  the  ortl«>.w! 
HgAB.,0,„  and  are  mostly  very  slightly  soluble  in  water.  This  is  true 
more  especially  for  the  ferric  salt,  so  that  freshly  precipitAted  ferric 


jdroxide  by  ccitiil>mi3ig  with  the  araeniona  acirl  can  Itc  used  as  an 
fectire  anlidi>i«  in  caaes  of  pgisotiing  with  this  suUtiincc.  Tbe 
|)fMT  sail  is  green,  and  is  employed  as  a  colouring  malli^r  ^Si:/wr/c'a 
Ben).  With  copper  acetfltc,  copper  iireenite  forma  h  double  salt  of  ii 
iDiAat  graeiJ  culoiir,  whiL-h  is  upjjlieil  unJiir  the  name  Schiirin/urler 
Hfc  Qii  at^coiint  of  their  containing  aracnic,  both  3ii1^tanc^9  are 
mirous.  and  ibeir  aae  for  articles  of  daily  ii&o,  and  more  especiullj^ 
KO  in  wall-f^apers,  must  fcy  all  means  lie  excluded. 

72S.  Arsenic  Trichloride. — In  a  current  of  chlorine,  arsenic 
txvi  wilhoni  external  fippli cation  of  heat  and  forms  a  coloiu'less, 
B».VT  li<iiiiil  (density  1i"2),  which  boib  at  134",  and  whose  vapour 
ields  llie  molar  weight  I8ii.  The  lallur  TiiimiM-T  forms  the  chief 
Buon  for  ftssi^iing  lo  arsenic  the  ccimhining  weight  75.  and  to  its 
Uoride  the  formula  ^\^C.'l^,  for  T'l  is  the  gmallest  weight  nl  iLreeiiie 
icurrin^  in  a  mole  of  any  volatile  arsenic  compound. 

Araenie  trichloride  ciin  also  he  obtained  by  pi")Ui'ing  sulphmic  aeid 
Tcr  arsenic  trioxide  and  adding  pieces  of  rock  aalt.  By  the  action  of 
betulphiiric  acid  on  the  aodium  chloride,  hytlraehloric  acid  is  formed, 
Eld  ihia  atls  on  the  arsenic  trioxide  according  to  the  cijuation 
b,0(,-^  I2HC1  =  iAsC'l^  +  6ll,0,  Since,  on  the  other  hand,  araeriie 
hcbloridc  is  partially  converted  by  water  into  trioxide  and  hydrochloric 
od,  tAe  method  is  auccessful  only  when  a  large  excess  of  concentrated 
mipbiiric  acid  is  employed  whereby  thu  walcr  protluced  is  boiuid. 

A  cheniieal  eqnilihrium,  which  depends  on  the  concentration  of 
itiGfour  substances,  exists  between  water,  arsenic  trichloride,  hydrogen 
blonde,  and  arsenic  trioxide.  An  increase  of  the  water  promotes  the 
S«onipoaiciou  of  the  trichloride;  an  increase  of  hydrufjcn  chloride,  its 
MormaiioH.  That  ordinary  ai^ueous  hydi'ochlorie  acid  also  converts 
[Hit  of  the  trioxide  into  cldnrido,  is  seen  from  the  increased  Bolnbility 
of  the  trioxide  in  concentrated  hydrochloric  acid  as  compared  with 
Ultt  in  wnt«r  ~,  the  excess  is  dissolved  a-i  chloride. 

The  presence  of  the  chloride  in  the  hydrochloric  acid  solution  is 
ilsi)  iuB«lc  evident  from  the  fwl  that  on  distillation  an  ai'senical 
diAilUte  Ib  obtained.  Since  arsenic  trioxide  or  arsenioua  acid  is  not 
vulttile  tinder  these  conditions,  the  arsenic  cnn  {uiss  into  the  distillate 
only  iu  the  form  of  volatile  trichloriJe.  This  ljcha\ioi]r  is  of  import- 
men  for  the  treatment  of  fii-HCtii(!al  snhstancea  in  analysis.  Solntions 
rontaining  arseiijoua  aeid  and  hydrochloric  acid  cannot  be  evaporated 
*itIiout  a  danger  of  loss  of  arsenic. 

•  In  order  to  avoid  this  we  may  either  make  the  liquid  alkaline 
Wore  evaporating  it,  or  tho  firscnions  acid  may  i>e  converted  by  nn 
biidiring  agent  into  arsenic  acid.  A  solution  of  the  latter  can  lie 
l^t|»rat«d  without  Inaa  oven  when  strongly  acidified  with  hydrfc 
ffiloric  acid.  For  arsenic  does  not  form  any  peni-achloride  corre- 
•ponding  to  arsenic  acid,  nor  any  other  volatile  chlorine  compound 
Klonging  to  this  stage  of  oxidation. 
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•  The  aWve  gi\'e&  a  means  ol  purifying  sulphuric  acid  cental 
jirseilic.  The  ai-aentc  is  rediiced  lo  nrscnious  acid  (it  it  is  nol  aln 
iti  tbis  condition),  and  hydrogen  chloride  is  passed  through  ibe  b 
airid  ;  the  arsenic  is  thi'ii  vola,(.ilised  as  the  trichlorida. 

*  Conversely,    hydrochloric  acid   can   he   Ifeed   from   araenie 
oxidising   the   lutter  to   iLrscnie   acid   and   digtiUlng    the    acid 
HTSenJc  remsina  in  the  residues. 

Arsenic   forms    Bimilar     conijioLiiids     with     hrwrnine    anti    ioiiil 
AsBfj,  and  AaL^ ;  these  have  a.  higher  boiling  ]ioint  and  uidtiug  po; 
At  room  temperatiu'e  they  are  bjtii  solid;  the  bromide  invito  ikt 
and  bails  at  220" ;  the  molting  point  and  boiling  point  of  the  i 
are  nui  definitely  knoH'ii,  Init  they  iirc  !njtli  higher  than  in  the  sua 
the  br<>mide. 

The    ciini pounds    are   oblaineil    by    bringing    together    iho 
elemenla ;    this  is   iH'st  dorio    under   carbon    disiilphide,    n'hich 
thoii  1)6   removed   by    evii[iOi'ritiijn.     The   bromide   is.  cohmrless. 
iodide  red.     Like   the  MMvlt,    both   compoinids  are  deromposcd 
water  ;  thi^  rcUitive  anioiint  of  tho  portion  dissolving  withiml  difui 
position  is  not  known.     The  heats  of  formation  are:  AsCl,  I'l'S  Ij , 

730,  Arsenic  Trisulphide. — Arsenic  trifiulphide,  AajS,,  «on» 
sponding  to  the  trioxide,  wl-l-ups  in  nature.  It  forms  yelloiv  nyrtJi 
with  a  slight  ra^etidlic  lustre  ;  on  bein^  gronnd  it  yields  a  hrigln 
lustrous  powder,  wlnth  waa  formerly  used  H3  a  pigment.  To  thi*  tho 
name  nqiimi'iil,  the  nn"nemlop"cal  name  tor  areonic  t^isalpl.lid^^  h  iliic- 
In  older  writinfja  it  in  nlao  uficii  ivdled  fuiulartit.  jVisenic  irisuli'hii!' 
is  obtained  us  a  sulphui-yellnw  pnwdor,  practically  insoluble  in  water, 
by  prBvi[jiCating  ikcid  solutiocis  of  araoiiioiis  acid  ^rlth  eulphurctlAJ 
hydrogen.  Hiuce  thie  is  the  way  in  which  arsenic  is  oidiriarilt 
separated  in  iinalyticul  Operations,  it  is  important  to  know  the  dxkH 
proportiea  of  arsenic  trisulphtde. 

(.hi  treating  a  dilute  solution  of  ai-sonions  acid  in  pure  wat-er  witi 
sulphurottod  bydrogen,  llie  smell  of  the  gas  disappears  ;  no  priH:ipiuw 
ie  formed,  but  the  solution  liecoracs  yellow.  If  a  cone  of  convergeDi 
light  r«ya  is  aUowed  to  fall  on  the  liquid,  the  path  of  lh«  ligi' 
becomes  bright,  owing  to  dit^nsion.  This  fact  (and  the  polariwd 
condition  of  tbig  ditfiisit^d  light)  shows  that  the  arsenic  trisulpliide  id 
the  liquid  is  not  really  in  solution,  but  is  in  ^usp&nsiou  in  a.  etuuof 
very  tine  division.  The  particles  are,  however,  so  small  that  the.v  »nt 
neither  visible  midi>r  (he  microscope  nor  are  rcUiueJ  by  hltor  p»p«. 
Their  size  is  of  the  oixIlt  of  a  wave-length  of  light. 

If  some  hydrochioric  acid  is  added  to  the  li'^uid  it  becoitiee  till 
and  in  a  few  moments  arsenic   trisulphide   separates  nut   in  y 
flakes.       Other   siibatanocs,   acida  and  neutral  salts,  act  in  the 
manner  as  liydrochlone  aeld,  and  in.  a  way  that  is  fairly  indepeni 
of  their  chumical  nature.      G'reat  differences   arc,    however,    ft 
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Bortiing  to   the  valency;  prucipitatJoii    is  cjiused  liy   ii  small   cou- 
itration  ui  divalent  and  hy  a  £!.i1l  smaller  cancel itratioii  of  trivuLeiit 
ttioiis.     If  tho  proei|iit.ate  is  placed  as  cjuickly  as  possihlGi  aft4<r  its 
ieparatioii  on   a  filter  nm)   t)ie  iiuid   washed  away  with  pure  water,  it 
jigaiti  [virt.ly  pigses   intn  ii  liquid  as   liefore ;  iinuther  portion  reniums 
jiuble.      If  the  precipititU*  is  allowed  to  remLiiii  Bomi:   time  in  tlie 
aliitioEi  in  which  it  was  formed,  it  hocomea  completely  inaalublu.     We 
iin  recognise  here  ti.e  properties  of  rJU,,dal  iohdim-i  (p,  +ii7),     The 
laiion  of  such  colloidal  sohilions  Uikes  place  tnoat  easily  in  pure 
iter.     Addition  of  foreign  aubstances,  especially  of  a  saline  character 
which  fi"ee  acids  and   bases  also  balong)  causes  the  separation  of 
}e  cnlloidnl  diil)Htaneee  in  the  form  nf  jimorphoiiR  flakes.     P'or  this 
in   the   colloidal   solution   of  arsenic  triaiJphide  can  be   obtained 
ith    sulphareltoti   Iiydroffori    only   from   a   pure    solution    of   arsoni- 
aciti.      If   the    Hulution   uoutain.   for   example,    hydrochloric  acid 
3iig  with  the  arsenious  acid,  tho  ai'senic  trisulphide  is  at  once  formed 
a  floccnlent  precipitate  on  lieing  truated  with  sulphuretted  liydro;;cn. 
If  thi3  yellow  colloidal  Wntion  is  kept  &ome  time  it  becomes  mors 
td  more  turbid,  and  p^radually  deposits  more  and  more  of  the  arsenio, 
ptanlphide  as  u  precipitate.      This  is  also  a  general  pi-oparty  of  eolltiidal ' 
^lutiorie ;  the  rliaiwlvcd  substaiicQ  pa^^aee  in  time  spontaneoualy  into  aa 
ioliiJjIe  form. 
The   chiiract eristic   ditTerencc  lictweeri  colloidal  solutions  and  the 
rae   solutions,  viz.  that  the  former  do  not  exhibit  any  elevatinn  of 
le   b'liltui;  point  nor  depress ioti   of  the  freezing  point  n«  compared 
ritb  pure  wat^r  (p.  4i!T),  is  also  found  in  the  case  of  colloidal  arsenic 
idulphide. 

Arsenic  trisidphido,  not   in   the  colloidal  condition,  is  practically 
sluble  in  water  and  acida;  more  osp^ciully,  it  is  not  attacked   by 
'  fairly  concentrated   hydrochloric  acid,  and  thereb}'  differs  essentially 
'  from    anticiiony   trisulpiiide.      It   is  readily    oxidised   by   nitric    acid 
to    arsenic   acid   and   aulphuric   acid.     On   standing   in   a   moist   con- 
dition   in    eontact.    with    the    oxygen   of   the    air,    it   is    also    readily 
^xidificd. 

Ai-senic   trisulplude   is   reaLldy   soluble   in  jdk;dine   liquids   of   all 

wnAs,  cuttRtic  ulkalia,  alkali  L'arbonates,  ammonia,  and  alsn  anmionium 

rbonate ;  it  also  dissolves  in  soluble  sulphides  and   hydro.'iul|ih!de.i. 

farious  salts  are  c^jntiiincd   in  the  solutions  nceording  to  the  aolvctits 

sod  ;  these  may  lie  regarded  sia  araenites  iti  which  some  or  all  of  the 

combining  weights  of  oxygen  are  replaced  by  sulphur.  AVe  arc  thoi'e- 
jre  clealiiii;  wiib  thd  sidta  of  thioarsenosion,  and  the  members  inter- 
mediate betweerii  the.fc  aud  the  salts  of  araenious  acid.  In  ihc  latter 
38  we  are  dealing  with  mixtures  the  nature  of  which  has  nut  yet 
l^een  explained.  Arsenic  trisulphide  ie  a^in  preic-i}>itated  from  all 
leso  solutions  hy  the  addition  of  acids. 

By  means  of  ita  a-ililbilitj-  in  ammonium  earlionate  arsenic 
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120".     It  fiimoa  strongly  tn   the  wr  h8   it  uiiOeigoc^   decompiwitivn 

with  water  ;  it  dissolves  in  water  wilh  cotiaiilerMliIe  evitliiiion  o(  fciiat. 
forniiny  a.  fl-ear  liquid.  This  atill  puntajna,  esjiei-ially  »b«i  cnw;: 
Imlcrl,  n  jiortifin  nf  ihe  i^EiIofidei  dissulved  nnrhanj[«ii.  iVir  rjii  li'iiim. 
this  ]iiisses  ovur-  witli  tiitj  gteiinL  The  grentest  part  is,  ht-iKu;, 
hyditjlyiiciillv  disawciated,  mikI  tin;  liiluie  solution  coiitBiiis  essemLillT 
hydrcjchloric  adil  alurjg  with  colloidally  dissolved  statinic  hvtitonidc 
This  is  [iroved  l»y  the  fjn-t  that  tim  snliitiim  exliiliita  all  ilm  [ir(j[>rr.ini 
of  n  (.■oiTespoiidiiiglj-  dUIliIc  aoluiiuii  *if  hydriifhlMrii;  aeid.  uiiil  aUnbj 
ihi-  fact  that  in  coiirae  t\t'  tiin«  the  grtiitter  puriioii  uf  thy  uu  «t'[»r.il«» 
out  lis  a  wiiitt'p  geIatiiioii«  premiiiuite  of  stadnii-  liydroxidt^. 

Wiien  small  quuntitiuB  of  wntiT  ui'e  alloMed  tn  comhinr 
Btaiuiic  chloride,  rise  of  teni psraturQ  being  nvoided,  various  hydnw 
are  foruitid  wiih  from  tluee  to  nine  molea  of  water  at  crmullia' 
tion,  the  lirst  of  nlijc.-])  !«  the  most  statlt;.  Thoy  :in^  irifaullinc 
BntiBtaiices  which  dissidvc  in  winter,  atid  yield  «iiliiti«niH  which  t\hM 
the  siinie  properties  as  tht  aoiiitiori  of  the  loiniciiloride  wlit-n  [irf[nirt>l 
diiiiclly. 

The  U^lmchloridu  coinbiitsH  with  hydiochlurtc  acid  tu  furni 
hydrriBtaiiiacliloric  ai;)d,  HuStiCl|.j  whiirb  cuii  alao  be  obtaiiimt  in 
aidid  stilts  with  6H..0,  TLu  crystals  mult  m  low  tis  28".  The  i& 
forms  good  cryetiiLline  lUkidi  salts,  ^^hLl^h  iire  ula»  forxuwl  iivia  tin 
letrat'Lloride  ami  the  respecti%'e  .ilkiili  i-hlofidfs.  Thi-  jim ukjihuiji 
salt,  (XHJ^tjdCl,,,  cryatu-lliaea  anhjdroUa,  und  ie  iiaod  jw  a  iiioplaiit  w 
ilyeing  uiid«r  the  name  of  pink  sail. 

Ktiinnic  hydroxide,  which  slowly  se]»w»tea  out  from  the  ■<|iifuu» 
sohitioii  of  suiiitii>c  vhloridK,  in  immt'diaiely  obtaiofd  hy  sAtnrstiii^  lb' 
sulutioii  with  ti  base.  A  gelittinvUs  precipit-atc  of  8fi(0H)|  i»  ivmifi, 
which  dissolves  in  dilute  auids  ;  fi^om  ihcsu  solutions  it  ngaiu  gejiiiMii-' 
spoil titiicOUBlv  after  fioiae  time.  Wc  art-  pri>bubly  de^lag  here  witbi 
colloidal  eoltitioii  wiiii'h  undergoes  decomposiLioi),  for  the  rt^usLii)  lli^ 
the  slajiiiic  hydroxide  is  elowly  Converted  into  an^other  le*»  «oiu\ii 
form.  Tho  same  tmusformatioii  also  oixura  in  the  original  lijilrn- 
chloric  acid  soliltioi),  for  the  hydroxido  jjroci|iitat6d  from  soluiii)"' "f 
difTeretbt  ayes  has  diH'erent  propertit-e. 

The  predpitH.te  ivdissolves  in  oscena  of  caiietie  [njliieh  or  sod",  ^i 
slunaic  iialt  or  sUuiiiiilr  \w\f\z  formed.  The  Bolmion  hft»  «  ■troti^ili 
alkttlino  r<^»L'tiori,  uhowiny  that  the  salt  is  hydro3ytii:ally  diBBWinwl 
From  the  solution  in  caustic  potash  a  salt,  K,^uOjy  cuu  be  obtairiMl  in 
crystals;  in  this  cn.sc,  thereibri*,  the  atiinnic  n.dd  forins  a  divali)"' 
staniiaiiion  SnO, ',  wliich  is  coinpitiMblc  with  cnrhaiiion  CO^*,  A  Hum'*' 
of  oth«r  aalts  ure  also  known  containing  sc'vend  combiniitf;  u^ii:!''' 
of  till  to  two  of  jTOtassium,  and  an-  iknafforo  salts  uf  "  coiideii""^ 
st^nnii:  sKi'ni  ;  they  are,  however^  aa  a  rule  iiot  well  characterisaJ,  J'"' 
are  inmUihle. 

Differing  from  this  stannic  ncid  there  ia  another  compound  uf  i^' 
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id  the  ar»«iical  bydrogeB  n  vh^i 
Ud  m  it  a  brown^liLu^  film  of 
■  |>ialai»d  lit  Ik  ailvAr  wlUMfe. 

M  nulion»  ore  \ctt  ninuUr  to  fifcow  of  anCnonr  hrdride 
5j.  ssl  it  ifl  iherefore  of  tmp>KtaiM«  to  ilMliBg'Tir''  becveen 
ttii  Foe  tliu  purpoao  a  ocdation  ul  MiJaai  AjyAfarife  but  be 
MqilT  tiMd.  In  tbis  tbi!  onoue  nunw  qpaodilr  dtnoiTe&.  -rbile 
17  imm»-  renuiins  for  »  Uimfi  ItOM  imehii werH  Fortbrr. 
uinxir  is  rcftiJily  vatatSe^  ike  ^mtimoaj  ^rrrjr  u  noc 
bydrogen  or  «mDMnriiBB  lalpfavie  wmfoar  eonv^ru  th« 
into  brt^C  /elluvr  anenie  ■alpbkV,  iMoluble  in  hrdn'xLl'.-ric 
IW  iMter  into  yaUtiw-rod  onbDtony  fulpUda^  aoIiiUe  in  hy-lr<- 
diL  Thv  pfv(ri]»tace  pndoDud  io  iJlrcr  aotitdofu  br  ai>«nic 
m  riipet,  ttiD  nrecuic  puaia^  nto  Milation  am  aneDioas  acid. 
IT  bydnile  forms.  nJrrr  -tutiummidt,  and  there  ts  no  antim'>Ry 
tevHt.  Tl)<'  U^c  reactinn  afToTri*  a  metttt  of  analTciog  ojlxturr- 
w  twij  hviirnjien  ixitu juMindi- 

r^i,  Compoa3ul&  of  Pentaralent  Arwtae. — Tbe  c<>m[-^iin.l* 

tnn  ducnmul  i!Mit  all  he  n^ferted  ut  ibr  triraleot  type.  Bir:$i<Je:i 
bUrr,  arsenic  forms  two  other  vnief  of  ^^'iBpoiinda,  one  of  nhiob 
Bipgnds  to  the  pvntaritknt  iTpr.  wiiilr  li^e^e  are  also  otber  com- 
Mia  wbich  jMHiit  tti  llw-  l^xUl«nr1^  nf  »  >Iivileiit  trpe.  The  latter 
oumpuattvuly  rare  und  unimportuil- 

ta~heu  ant^iiie  trioxkte  U  treued  vith  oziduing  agents,  t.a  iiiirti.- 
,  a  Mlotion  is  obtaineil  from  whkfa.  on  greatly  concent  niEing. 
HC  and.  HgAeO^,  erfstalliaes  out. 

bi  ita  wIioIp  bchariour  arsenic  aod  U  very  Bimilar  to  orth<^>phus- 
tk  add.  Like  thu  it  is  tri'vwic.  bat  iui  roluble,  normal  ^Its  an* 
itltf  hydr'ilyi**4  fHi  Wing  Jiomkol  in  ".iter,  and  therefore  react 
filie.  All  the  ealui  uf  anenti:  ;id>il  are  uomorpboiu  with  the  curre- 
idjng  mIib  of  ph<Mp)i^e  aci-l ;  in  Uet,  it  was  in  tbe  casi>  of  the 
loataa  and  pbupfaaus  thai  aimiUrity  ol  form  along  with  ci>riv- 
■xbug  iCAlD position  mu  fim  ohnerved. 

TUe  •i)lii1>IHty  rcljitions  of  tbe  aalta  of  aj-senic  acid  have  also  a  verv 
■t  uujtixrity  Ut  those  of  Lbo  aalu  of  the  phi»phoric  acids. 
The  foltowiiig  diRiDreuMa,  howercr.  t^xiat  in  the  behaviour  of 
I  two  anbetancefi.  In  Che  firHt  plat-'c,  om-  has  not  succeeiU>d  in 
tponng  ijartial  anhydrides  of  arsenic  acid,  corresponding  t*)  pvrt>- 
saphoric  wid  mcupiioephoric  a«iiis.  Ou  tiie  contrary,  only  ortho- 
^rtiK  itcid,  HjAnO^,  alonj;  wirh  it»  ailta,  and  srsentc  pentoxido  are 
koini. 

Funbw,  even  -m  Weing  gvnlh  wnrmiirl,  ni'senic  acid  loses  water 
JttHc*  iutu  iim  Mi^j^iuht,  art^itu;  praitu^tUe,  ASjOj  ;   while  phon- 

«  Mid  (p.  369)  esn  bo  dehydrated,  by  heating,  only  to  mota- 

Vkvieapd. 

Anaait  pantoxide  u  obtained  as  a  white  powder  hy  heating  arsenic 
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uoiil  to  a.  mmluiuU.'  Uji»i>(-n»tui'o,      On  being  more  atrotiglr  hcftl*ri 
luMW  nsyyon,  Himl  im»8ti«  intn  arsenic  [rioxide.       Whi-n  mhn\  vi' 
wnl«r  it'  tiiM  fornH  ti  pnaty  miut,  which  is  slowly  oonvert«l  tnlik 
cltviir  miliitidti  ot  arsviiit  uml. 

Avxt'itic    tkoirl    in    ii^ed    tti  tho  itrU  ntui  manufofitiires  u  a  fe«Alt 
axiiiinriiiK  ii(Cfiit  in  tho  pniiiivnilion  uf  i'<?t'C.'iiii  Jyi-'s  (fuchstn). 

I'hip  ,*iiJlt  of  iirHKiiii-  Hi'iil   iiro  of  Mlii;:hl   iin|iorUiiee.      While  th« 
ttf    lhi<  nlkiili   iiK'tal*)  nt't!  luikclily   etilulik'  in   water,   the    other  nifULi 
tiKMtlv  loriu  lUllii'iillly  uuUiblo  tuUla      The*  ni)igni.'sium  amtucDiura  ult, 
M)[^NII,)AitO,.  which  U  fornifil  under  aimikr  romlitioos  to  the  con^ 
«tHki)>Uii^  phiMphntu  (p,  3tri),  imil,  tiimiliirly  u>  it,  is  used  for  die  deti^ 
ininntitui  uf  «riii<tiit'  iM'itI,  aiiiI  LhvivfDre  ii]bo  of  arsenic.  dettTaa  u>  * 
nit^ntioiK^t        I'liilrr  ihn  M'limi   nf    iviiiu'iit^  sxihatuitos-  (fflur 
tii))tiurit  iiMl;:iis)  ikiitl  uii  w;intiiii^',  leiimiiun  very  readSy  oocan 
^olMtiliMtiiiti  iU  HTseiiic,  and  ii.tt«tttioii  uiiist  be  paid  lo  ttuB 

111  iT«}vct.  Ill  iU  tlcctrulytic  dissK-iatiou,  araenic  aod  ia  ray 
1.^  fihtv>|khi\ric  arid.      Even  up  to  a  gnat  dilution  th* 
<  1-Uii'tly  th«  ions  tl'  and  Hj-VeO^',  and  Uh- 
Mil   nr»  ■jiiito  siiWdiary.      At  th« 

'>:tied  tba»  fihiwpbone  add,  hot  tW  4fl«iaaB  t» 


h««^ 


An  TMur  jwtlMMtrvir  coTrwpoading  to  araobc 
Muned  lijr  pMUBf!  chlorine  onr  anemic  tiicUoride  ai  -  CO 
mUov  orjirtsU  which  melt  at  -  <0°  and  oui  h* 
«(h«r.     Ai  a  hijfhw  lempentur*  it  dKCiM|iw»i  ■■• 
rKhwino.     Ii  ^  tbtvefarck  vmch  te«  stalla 
nMi«,r  pMtachlividc. 

T»s.  townk  Penmalphide.  —A  wjti» «< 

Xi^As:^  wb«ii  wned  with  sidphiir,  nwSj  tfthi  «^ 
WNftht  i4  th«  latter,  and  funn£  a  new  »h 
XayA«£^  •  S  -  Xa^\sS,.      >Ve  an  b«» 
(4  ilw  triralettt  thmiHMaMa,  Ai6«~. 

l)ii  alMipitoi;  w  UbcnM  Am  iUtju  r  mii  hf 
wmUmt  m«4  ■  yvUow  precipitate  it  pwdi<<.  vtaeb 
«n«kk  trinOphMK  bm  ha*  tlM  ttju^mSlMm  As^ 
•TMnie  bMiUf4i1[iiiidr.      Ui  this  fonetm 
fcwwitW  the  acid  is  tut  stkUei,  and 

■%hHi  and  ■Jphtwttd  hyxfaogBL 

AnviD  iiHi  iiihlM    iaalw 
tMfitr 

734  On»|iiwwti  of  tke  IMnkHft1>pft. 

II  i<)i)nw  M»i  with  ivtine  «o  f ana  the  ewfi—fc  AaJK. 
WImi;  «0  a  Uiwtr  trfe  than  the  eoMpotwd*  fankanr 

IW  «4|i^v  BeTHwBi<  oeam  Bal«n%  ■fe'daii;  «i£ 
W  >Mi  fH|M«fl  fiMM  At  eve  efcawpla  hy 
e  b  nalfv.      It  hi>M 
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to  vsenic  trioxide  and  sulphur  dioxide ;  it  dissolves  in  the  solvents  for 
^nenic  triaulphide  leaving  behind  a  residue  of  arsenic. 

Arsenious  iodide,  Asl^  is  also  obUtineil  as  a  dark-red  mass  )iy 
lesting  ite  constituents  in  a  closed  tube,  and  crystallises  from  caibon 
lisulphide  in  long  needles.  In  chemical  reactions  it  behaves  similarly 
)  the  sulphur  compound,  metallic  arsenic  being  de(x>site<)  mid  the 
trresponding  trivalent  compounds  formed. 
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Bi^sidas  the  tetraviilent  stsge  of  titanium,  t.hei"e  iUbo  exirt  i 
divalent,  ri  trivalent,  and  a  hexiivaleiit  stri^f,  bill  tbcsi*  nce  ii(  nib- 
ordinnto  ifrnMirtanoe.  liv  heuting  the  vapour  lA  the  lei-radilurici* 
with  hyrliii^nii,  tli«  tiiclilorirle  i"  obtiuiieil  in  Llie  form  M  viokt  mK 
which  diss'ilvii  in  wat&r.  yii-l<iing  it  violet  lifniiil  whinh  !i?mlih'  hxvUm* 
in  tlie  afr  ami  deposits  titanir  acid.  Tliese  viulet  sulutioua  caii  ala 
oIjtJLincd  From  the  juiiil  solutions  of  titanic  acid  liy  reduction  with  i 
or  aflditim  Etmpilgam.  They  ciintjiin,  prcsiimalily.  a  \Holi;l.cn|nnri 
trivjiIcriL  tiLiiiiioii,  IT".  Willi  byd  roll  mine  iirjiil  mid  so!iiW<!  (Iiiuride. 
ailtRuf  a  trivuleiit  titaniHuoridion,  TiF^",  ilfo  formorl,  whicii  arooi^^ 
violet  L'olyiir.  S 

If  titiiniiini  triL-hlnnd-u  is  heated  alurie,  it  dectmijii'si*  iiilJi  tmn- 
chlortde,    wiiieh    PSfJipas,    and    difiicultly    voktiie    dichlnriiin,   vb 
colkcte  in  the  colder  p;irta  of  the  apfHUtatiis  its  a  hiark  crvstullitie  i 
volHtile  at  a  red-heiit.     Tim  tomponnd   rciicts  violtiitly   with  wiiti 
and  _vidds  a  yelk'W-lpi'own  solution   which  oxidieee  in   the  /lir.    Cm- 
poundB  of  this  aerifis  are  also  obtained  by  the  v^ry  entirgfltii?  rwhu 
of  tht!  acid  tiUinic  aoliitiniis  with  Boditiiti  anndtram, 

Fiiiiilly,  there  ta  a  still  higher  stiige  of  oxidation  uf  titaiiium  whict 
13  olttaincd  when  hyrirojjen  peroxide  is  added  to  a  solution  af  til*nif 
acid  in  roncentrated  sidphiuic  acid.  The  hiiuiil  i innu'd i«tely  IwHinin 
deep  yellow  in  colour,  .ind  thu  rejietion  ie  visihlc  wilh  such  siii»l' 
ipiantitJHS  that  it  i;^  eiuplmed  ns  mii;  of  the  bext  niochiMii^  nf  ilclfcliog 
liydni^-cii  iHiroxido.  Ky  rjciilniti«iiig  the  sulphiii'ic  acid,  a  yiO 
solid  Hulistiinr.'  of  thu  compoMtiun  TiO^  can  lie  Repiiruti'd. 

747.  Titanium  Nitride. — Titmiimn  exhibit*  a  s|K-ciul  unit 

U}  combine  w'itli  iiitin^eii.  It  unite*  so  rnadily  willi  the  lalWf^ 
moderaLely  hijjh  teidfjeriiturcj*  tbrtt  most  iif  the  preparations  >dti<^fc 
were  fonn<!i'ly  rt'ganlet!  as  nicUillic  titimiiim  ronaislJ-d  chirNy  "f 
lilitniiun  nitride,  A  siibstu.hL-e  with  a  rnotnllic  [uetii.',  which  is  i'^ 
qucntly  fnuml  in  blast  furnacn.*  lUid  was  formerly  rej^an3ed  lis  mflAllit 
titJiniiim,  baa  boen  recognised  as  tilnnia/n  lynnidt^  Ti,^Cj\p  " 
poluesium  tilanifiiioride  is  reduced  with  sodium  or  pnUsainiii,  ih^ 
titntliiim  rn-meii  at  om^e  com'bincs  with  the  nitro^pn  of  iht-air.  St 
thei^H  nitro;t;eit  conipoun<ls,  ivhii-b  arc  mosl  ejisily  uliWincd  by  hcnifl 
titanic  chbiridc  with  nmiiKiniu  in  a  red-hot  tube,  twn  are  hut*!* 
cnrrespimtliiig  to  the  forrnuln?  Ti.|\^  and  TiN„.  These  are  cryauil'"'' 
oUbBtancL«  with  a  metitllic  histri',  which  evnivi'  nmmnniii  .'fipjiniL-iT 
oil  being  fuacid  with  caustic  potoah  uv  suda,  [wmiug  thui'cliy 
titans  tea. 

'Vhn  coiiibijiiri;z  ivi^ighi  of  litjininni  is  Ti  =  +8-1. 

7^8.   Germanium  is   an    elemisnt  i)i  fxtromely  rare  ore 
It  can  be  rc'lncnd   fmni   ils  oxy(,a'n  coinpnuiids  by  ignitiiin  witli  cH 
crial,  and  ts  thus  oblairujd  as  a  very  britile  mttal  which  inw-salith 
900"  and   has  the  deiieity  of  55  ;  it  ia  insoluble  in  dilute  aciiiw 
dLBsolved  by  aqua  rcgia,  and  ia  converted  intij  the  Jlovide  by  iittl 
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lydrogen.     Such  co!npmun]s,  more  eBpecially  vnth  aulphurii!  aciii,  are 
oiowu  even  in  the  m\ul  state. 

By  reducing  the  peiitoxid«  with  hydrogen,  or  with  charcoal  al.  a 
igh  teuipcmture,  vdnintiiim  (riruidr,  V.^Og,  ia  ohtained  us  a  ^rey-lilack 
Kiwder  vrith  metallic  lustra  This  was  fortnCTly  regurded  aa  metallic 
'aTia-diiim,  siDce,  besides  having  a  metallic  luBire,  it  is  aleo  a  good 
indiictur  of  eleetrlcity.  It  dissolvcB  in  acids  to  form  dark-green  salta, 
intaining  tha  tnvulent,  grten  Irivanaidion  V"^  and  which  are  also 
I'btaJued  by  reducing  ucid  solulions  of  the  ])ent(Kxicle  with  zdnt. 

Besides  theso  two  oxides,  the  tompoHmis  V<,0,  \.,0.„  V„0^,  and 
irae  intemiedinte  coni[iounrta  have  also  been  prepared.  Tliey  have 
Jl  a  Tuetalli<i  apj)eiiraiici;.  Thu  difoide  dissolves  in  dilute  acids  to 
brm  blue  liijuids,  which  evolve  hydrogen,  and  have  strong  rednciiig 
iToperties.  They  contain,  prcaumahly,  a  divalent,  violet  blue  divan- 
dion  V". 

The  coinfiounds  with  the  haloftcns,  especially  with  ehloi-ine,  exhibit 
great  vrtHety  as  tiie  oxygen  cnni[)onnds.  Stninge  tn  i«iy.  a  penla- 
iiloride,  wliieh  woidii  be  esjiecU-d,  correaiionding  to  the  piiiitoxide, 
oe«  not  exist;  the  highest  chloride  stitge  is  the  irlmrlUiniiic,  VCl^. 
Iin  oxychloriiie,  however,  viz.  mnnih/i  ehlmiiie,  VOC'I„(VO  =  )ki(h»/i/'J, 
telonpng  to  the  pcntavalent  type,  is  known.  It  ia  obtained  by  first 
Mts8inf<  hydrogen  and  then  dilorino  overa  heated  mixture  of  vanadium 
[itoxide  and  charcoal.  It  ia  a  bright  yellow  liquid,  boiling  at  127', 
hieh  reacts  witli  water  with  gront  rise  of  lempei'atnre,  und  fumes  in 
ibe  sur.  From  this  VOCL  and  VOCl  are  wtntaiiiefl  by  retluclioii  with 
lydrogen  ;  they  are  both  solid,  crystalline  substances,  the  former  being 
reen,  the  latter  brown. 

If  a  mixture  nf  vanadyl  tricliloride  vapour  and  chlorine  is  passed 
pVCT  rod-hut  chari-:oa\,  the  Hrtuhhri'U,  VC|^,  ie  obtained  aa  a  brown 
iquid,  boiling  at  I  ^»4^  On  licing  more  strongly  heated  it  decomposes 
nto  chlorine  and  r<nhi>finh'  Irirhhu-i-i-;  VCl,,.  which  foruM  lustrous, 
iolet-red  crystals,  which  recall  chromic  chloride.  They  attract  moisture 
rom  the  air  and  daliqueace  to  a  brown  liquid,  On  heating  the  vajjoiU" 
itii  hydrogen  the  tetrachlon'de  is  converterl  into  rimiuliinn  tlirhlnride, 
XQ\.j.  This  forms  apple-green,  difficultly  volatile  crysfcils  with  a  mica- 
seons  UtMtre,  which  ilclitpiencc  tn  the  air  to  a  violct-l»hie  liquid. 

Finally,  on  strongly  heating  the  dichlorido  in  a  current,  of  hydrogen, 
netnUir.  vmadmm  ia  obtained  as  an  unraelterl,  grey  niaan,  which 
acquires  a  metallic  lustre  on  being  rubbed,  and  does  not  diasoh-c  in 
ilute  acid.  It  burns  readily  in  a  current  of  nitrogen^  lotrain'^-iMwrdium 
Uride,  VN,  a  yellow-browii  [lowdor  with  a  metallic  Xialre.  On  fusion 
rith  caustic  potash  the  nitride  la  converted  into  vanadic  acirl  with 
I  volution  of  ammcmia. 

On   |j:is3iiig  ^ulphnretti'd  hydrogen   into  a  solution  of  aninKiuium 

anadate  in  ammonia  a  precipitate  is  productxl  which,  on  contiiiniiig 

pasft   the  gas,  dissolves,  forming  a  fine,  violet-red  coloured  )iqu 


•'■■iit>liiig  [iotn&«iiini  }» 
.  Milt  liH^  tlteooiiipoeitJu 
'[  r  ho   si^rie».      Oti    .'uliliQj 
"i  a    hruwii    prcdjiiUt*;  i 
II.*  purf   viiii^iliiini  jktjU. 
L.i'jli   ]>uwilij|-  by  fiiBiUK  tlig 
■  j<\  ill  iu  turn,  in  obtjiiriwl  bf 
Imretteii  hydrogen,  or,  twlio, 
colmir,  and  ciissolves  in  albfi 
•-xcees  uf  sulphur,  ivnamg* 

;  ij^tUtlyLiailly  iicculeiiiting  ocrtiiiD 

ua  itf  nniliriQ  to  niiiliiie  Mmk.  vul 

^K^mt  MBiployud  for  thut  pur[joao  ici  \M 
■   i^f  ainull  quantities  of   the  aciil  xn 

lUHilitiiu  has  lieeii  ffjiintl  etinal  li>5H 

-  A4nMl  III"?  two  extremely  rnn?  iilctueiitf 

-*p«;tivoly  Vi  unil  183.     Prcu  uhiiiuB 

:f  the  itducliun  of  iu  cUlwivie  wi'fc 

>«isu  iho  acutiii  of  diltite  acirli,  Wl 

IB,     Both  (^leniontA  cJtn  t>«  obUiinod  in  till 

Mil  metals  whk-h   iiielt  iilnve    IKOO',  whI 

.:sti  series,  U11  the  ddc  of  th<'  base  niuUtt 

.-*•  »  jirtihxulf,  NlijO^^,  which  is  ihr  unhj"- 

^^iL  5i«  iJkali  w-lta  uf  which  «re  doci>ni|>un'>I 

-  h  ccv^ipitatinn  «jf  C.he  hydroxiJe.     Oti  iti'iiijf 

ii>^n  thi;   pontoxidc  fusses  inl6  n  bbck, 

.  vt  fortneilj  uikeu  fuc  the  metal 

,  »  I'oriHa  ii  jieittaehiori'U  ivliicli  ■citn  lio  obUiitiM 

^^^■i  with   ciiJtrcmil  iu  ii  ciiirctil  uf  cliltirine.    It 

^^  ^imA  melt  .u  104'  and  \m\\  at  L'40  .     If  in  t^i* 

.^iM  >rf  watcE-  ia  not  fivnideil,  niiiiiium  iisy<ldi)(\4i, 

■  '  .»s  a.  white  mass,  whidi   diMw   not   fuse, 

■^!i/riilf.   13  iilso  knijwn,  whicli  is  ilu[iiMit«i 

11-  u.f  th*;  [jwritaciilwid'B. 

"i  cmiipijuii<!')  wilb  Hiiorine.  wliicb  exlli^1ts 

nm,  nnd  which  have  not  yot  boon  Kmn!!«J 


^ 


,  ti    tantalum    nva    very    similar    to    tbot* 

*  cbanictiMislK;  ia  j)via.mujii  {atUaJufi'friJf, 
tifOliiiiUilotliioridioii,  TaF^"  ;  tlie  t-ovi'eBpoi 
ly  formed  liy  diaaolviug  thv  v^uloxide  iii  lij*' 


rdr* 


i^  Dldium.  — The  elements  most  n^wrly  n'-lawJ 
.  ^WMiiis  uri!  to  be  foiuid  among  the  alixiitMi 
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pTOpcmca  dev«lo|MHl  to  h  liighpc  ileo^-eo  limn  in  liie  niso  of  the  allied 
ftulwjiHces  of  lowiT  cQmliiiiiiiy  wi-ight.  It  is  [iriceipitiiteil  fruiu  it*  aiha 
h;  >Liniiionia  i>r  nlknlis,  and  is  not  soluble  in  oxcess  of  the  pivcipitJcnt. 
Similarly  to  the  other  dioxidtss  of  this  group  it  occurs  in  sevoral  fomis 
pmwi'Miijj^  dilfarent  degrees  of  Ktal»iliiy;  while  the  frcsldy  prepired, 
whilu.  t'l^liitinouB  hydroxide  rcadilj"  dipswlvea  in  iLcid»,  a  dirticultly 
"filiiMw  inodiiiL-.'itioii  is  formed  on  heating.  On  ignition,  the  hydroxide 
pwistis  into  the  'lioxide,  ThO^,,  which  is  a  wliitu,  U^ht  powder.  Tbia 
ciiiile  is  not  ttululik-  in  acids  f^xcept  in  hoi,  ojrii'ei  it  ruled  snlphitric  ucid. 
Tlie  aside  olilairiud  by  heating  the  oxulntc,  on  being  t-viiporated  with 
nitric  iicid  or  [lydmchlorir  iiciil,  gives  ii  re&iihie  which  does  not  dissolvA 
in  ilil<it«  ttuid  but  h  noEiihlu  in  water ;  the  solution  is  ol  a.  ctjltoi'lid 
(iLum-t-cr.     Tliia  beliiivit.ur  recalls  thnt  of  sLinnii'  acid  {p.  734). 

Of  tliG  eaha,  the  sulphjite  nwl  tbn  nitrate  hto  the  best  known. 
nffrtiiHi  siiljJiiiir;  ThlSt*,)^,  crystiiUigisB  according  lo  ili*  teinperatTire 
with  varying  flmnunla  uf  wjiter,  Thest'  dift'orent  foima  ihati^^e  copi- 
IBTttlivcly  slowly  into  one  ano'ther,  so  that  it  is  easy  to  prepare  solu- 
tioni  of  oae  of  ihwe  forms  which  are  greatly  aupcrsattirnted  for  tie 
nther  forms.  To  tliis  is  due  (l  pecitlifii*  bebnvioiir  of  the  sulphute, 
•hirh  is  iiiajlo  uae  of  for  the  purifitntion  of  the  tiiorium  compounds. 
Tln!  aiihydroits  aulpiiato.  [irepared  by  liciiting,  is  tlissolved  in  icu-cold 
wotT.  A  »uluti'>ii  is  tlms  p('i)dii(.-ed  wlrich  is  sattini-U'd  in  reBptdct  uf 
tbt  iinhy<!rinia  salt,  but  greatly  siijjcrsjitnriitGd  in  resjiei-t  of  .1  hyiiratcd 
nltirith  4H„0.  Sini;e,  lilsa,  the  solubility  of  thJH  latter  ^ult  decreuses 
giwtly  with  rising  tempemture,  a  solution  prepared  in  the  fold  with 
tlie  Aidiydrous  sjdt  will  become,  on  hmtin;;,  more  imd  mere  su]>er- 
Mluriited  in  resfiect  of  the  salt  with  411.^0.  iirid  tho  spontjineona 
»|iaralion  of  this  hydmw  tlit^ritforo  .soon  oenu-s.  On  heiitiiig  tlio 
a»ll.  wliicli  is  depusitoi  until  it  ha*  lost  ns  vnMw  of  crystiillisiUon,  it 
iffiiH  becomes  r<iaJily  soluble,  in  cokl  water,  and  behnvea  aa  abuva 
iJeacriWd. 

Thin-ium  riUrntf,  Th(NO^)^.  6H.,0,  is  a  very  rcaiHIy  ftoliibio  aalt, 
*hith  is  obtained  by  dissolving  freshly  precipitated  thoriii  in  nitric 
icid  It  is  used  for  the  pi-eparation  of  incandeHcent  mantles,  u  cotton 
i^elj  tteiug  moistened  with  tliiw  salt,  dried,  and  heatwl.  Th«, texture 
biimg  and  the  thoria  reruaias  as  a  wiiile,  coherent  fmiue-work.  By 
■S>ution  in  a  Btinsen  Hanie  produced  Under  preesine,  whereby  the 
iMtt^rinl  tipprt^ciably  contracts,  the  mantles  are  made  ready  for  use. 

Tli«  uiiintlos  lire  refiden'd  huiiinouis  by  being  strongly  lieatcd  in  a 
tWcially  construrted  linnwen  flume.  It  is  11  remarkable  fact  thai  pare 
tlitrift  gives  only  a  pnoilv  hindooiis  mantle;  in  onlec  that  it  niAy 
Iwcome  powerfully  iuminoaii  small  i^untititius  of  certain  other  siibstanceB 
Blui  lie  iwldcd.  For  this  purpose  the  addition  of  1  per  cent  of  cerium 
««ide  (p,  hdH)  hits  Imen  found  lo  be  beat.  The  cause  of  this  influence 
W  nut  yet  been  e«tJib|inhed  cpiity  free  from  doubt,  b«l  the  tnost 
pivbablu  view  is  that  the  iidditiou  elFects  a  catalytic  accelenLtion  of  the 
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combustion  of  the  mixture  of  coal-gas  and  air  in  direct  contact  wil 
the  skeleton  of  thoria.  Besides  this,  the  optical  properties  of  thnr 
appear  to  be  of  importance. 

The  tendency  to  the  formation  of  complex  fluorine  salts  (cf,  p.  ".'i 
is  greatly  diminished  in  the  case  of  thorium  ;  thorium  fluoride  is 
precipitate  which  does  not  dissolve  in  excess  of  hydrofluoric  acid,  at 
does  not  therefore  exhibit  the  formation  of  a  hydrothoriofluoric  arit 
A  potassium  thoriofluoride,  K^ThF^.  4H.,0,  however,  is  known  as  a 
almost  insoluble  crystalline  powder. 

A  very  remarkable  property  of  the  thorium  compounds  is,  thai 
influences  are  emitted  by  them  which  penetrate  through  solid  suft 
stances  and  are  characterised  by  their  action  on  the  photi^raphif 
plate  as  well  as  by  the  change  in  the  electrical  properties  of  the 
air.  We  shall  enter  into  these  points  in  greater  detail  when  ne 
come  to  discuss  uranium,  which  exhibits  those  actions  in  a  much 
higher  degree. 


CHAPTER   XLII 

L'RAMLU,    TUSOSTKN,   AND   MOL¥BDKNt'M 

iM.  Gen 6ral.— These  three  elements  roaemblo  chromiuni  in  mAny  of 
lli''ir]]r'i|>enie8,  eo  thHi.  thoy  ini>^ht  liave  been  Lreated  in  coiinectioai 
*illi  it.     Oik  account,   however,  of   tlteir  forming  thio-acida  Lhe_v  ao 

I  miilaubmdly  belong  lo  the  present  dass  of  metals  (chromiimi  foniis  no 
|!nil|)liiir  c^nnipouml  at  ull  iu  liciucoiii^  solution),  that  it  »p|jciirs  iippm- 
printc  to  separate  them  from  cliiocniimi. 

Thu  cltiiiienta  iininium,  tuit<rdcii,  uti<J  DMiyltleimin  are  clmracterisvil 
liy  ibe  f;ii'i  tti;it  their  iiiobI.  sUhIjIb  oxygen  compounds  hav*  the  com- 
p''«itioii  MO.,  ami  iire  the  antvdridca  o(  iickU.  In  iKJcordwiCQ  with 
tlw^0i)era.l  rule,  the  Ai-iil  properties  am  l^jut  prunouiiceil  iu  th<!  cas« 
Pf  the  eleiiitnL  vnth  the  hi^]i<7st  coiuhinilig  weiglit,  and  become  niOrti 
proDouuciKl  as  the  coinliiiiing  wciighl  itecreaaea. 

All  three  belong  to  tlii^  U^as  frequent  olement^  nithough  they 
taiinot  be  chantcteriaeil  a«  \^\v.  Tliey  are  dilticultly  fusible  nictiiU, 
►hich  kfe[i  Well  iu  the  uir,  but  wlijcli  bnvi  fiiund  no  Applu-ution  in  the 
pore  state. 

Of  all  the  known  olomenls,  uranium  has  the  highest  combining 
weight,  viz.  r^238-S, 

752.  Uranium. — -Uranium  was  diacovertHl  by  Kliiproth.  In  the 
Guf  of  riiftiiHir  ijuiiihtm  the  same  blitng  hiip|jene<l  as  in  the  case  of 
VMuufium,  viz,  the  cop|>ei'-l>rown  coloured  diosiilc,  whiLrli  in  reiidily 
lorrowl  by  the  rwluction  of  the  hif^her  uxy^eu  com|MJuiida,  vrnn  mia- 
Wren  lo'  the  metal.  The  true  uranium  was  subsequenlly  obtained  by 
fkt  action  of  sodium  on  the  clilorine  compound  ;  it  is  a  white,  dillicultly 
Jitrible  metal,  which  disNolvfi!^  fairly  readily  in  dilute  ut'iJe,  a.nd  in  Lhu 
^«niinl  Herii^s  stnnils  near  citdmium. 

rniniiim  frirms  a  ivholo  scries  of  3tagi?9  of  comlnnnUim  in  which 

II  t«  trivi'uleut  Iu  uctav;i1eni.     'I'liu   bettm   known  ami  mora  ini|ii>rtant 
inntpourdg  are  those  of  the   he.\avalent  and   thu«u  of   the  t^tnivaleut 

By  (ixidntion  of  thi'  naturally  occurring  comjMJunds   of  tiranium, 
of  nranyl,  Le.  of   llie  divrilmit  tntion   t'O^",  uxe  obtained.     The 
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iioniiiil  hytiroside  of  h(.'X:k\'alfciit  uraiiiimi,  L'(UH)|„  lists  lK)t.li  aotJ  whI 
basic  pnijwrUua  Tlie  latter  are  not  Hullicifiiily  strotigly  fleieii)[jeJ 
for  all  the  six  hyrirosyls  to  bu  peplaeenhl e  by  ackl  residues  ;  two,  hiix- 
ever,  cnii  bo  repla<:cd.  In  tlie  aaltd,  Uierefurtr,  there  exisu  ihc  ilM-Jiat 
cation  L'(OH)^",  nr  its  anlijdride  UO,",  UTanyl,  wUiuli  farms  sjiltt  like 
any  otiier  fiivjvlent  catftm. 

*  This  ouciin't'iicQ  of  tin  "oxygenated  melal"  has  been  mranJ«l 
Bw  something  i-emarkiiMt-  mid  fxtraionliiiiuy.  but  it  is  readily  ini'  ■ 
wlneii  regarded  from  tht  [M>irit  of  I'iew  thai  ict  pulyvHlcnl  .'hm:-  ■ 
busos,  the  repUcemimt  of  hydricn  or  hydroxidioij  Wcomffi  moredittidill 
the  further  the  repliu'emeiit  proceeds.  Just  its  In  aiiuemi*  Bi>liiiion 
pliosphoric  iicid  behaves  ubiefly  as  a  dibasic  acid  and  t'ortiiB  aalta  "f  it.i 
anion  rt\H",  ain<:s  tbosu  <.>f  iho  anion  PO/"  siitfer  loo  yrcat  iiydroh?!" 
to  be  present,  in  nuy  ■considemble  (iimntity,  so  tbe  iiydrulyai*  of  ib 
uranintn  salts  Gorre«]Kinding  to  tbo  biglier  eationa  F(0|I)j"",  I'tdll/;  . 
etc.,  ig  too  great  for  these  salts  to  be  present  in  Appro-.'iahle  ttniouiil. 
For  even  the  seeond  cation,  tr(OH)^",  is  bo  gieally  hydroiyaed  tbatili 
salts  have  a  distinctly  acid  reaction. 

Diuriinylion.  UO^",  is  of  a  bright  yellow  colour  with  green  fliwr- 
esceuce,  and  in  the  spectroacope  exliibite  a  nunilwi'  of  <lefiiiitii  silwirp- 
tion  bands.  Of  the  salts,  the  nVCvi/r  U0.j(NO^)g.  6IL0  is  the  Ixal 
known;  it  foi'ma  yellow  trvjiUila  with  green  fi uofeai^oncL',  wLii.li  ^^rii 
readily  soluble  in  wattir  and  serve  us  the  sUiriing-poiiit  in  the  prc}uni' 
tion  of  other  uranium  comiwutids. 

From  the  nitrate,  solulile  bases  pivcipitale  a  yellow  lubatAnn 
which  L-onHists  csfentially  of  uranyl  hydroxide,  1;0„(IJH);  or  V{*i\i*f 
but  also  alwiiys  contJ-iins  a  quantity  of  the  baae  in  the  ioriii  "I  • 
Ul'anate  or  salt  of  uriLiiit-  auid  (riii^  infm),  Rv  fivajvirating  a  stiKinmi 
of  ui'rtiiyl  nitrate  in  alcohol  (in  which  the  alcohol  scivos  t«  dcsimv  ilit 
nitmnion)  u  yellow  powder  of  the  oomjHisition  L'0,,(UKJ„,  frae  frun 
alkali,  is  obtnined.  'Witb  other  nit-thotls  of  preparation  Uie  wiu- 
[waitiiin  is  U{OH)„,  Thia  immtj!  hi/ilm^'i'^  rlissolves  in  iicicls  »uii 
forms  the  corrosponcliiig.  often  eomplex,  uranyl  ailts, 

Uranyl  has  a  pninounced  teiidtincy  to  form  complex  eoin|i«iniil> . 
theae  are  formed  with  alinoat  all  oryanii'  acidf^.  Of  tliese  the  ■on/A 
which  is  very  sensitive  to  light,  and  in  sunlight  evolves  gaa  copinmly 
is  of  iriteirat.  In  this  pmress  wa  do  nut  have  an  oxidation  cif  ih' 
oxalic  aeid  with  i-wlnction  of  the  uniiiyl,  hnt  the  t^suaping  gae  is  > 
mixture  of  citrbou  monuAide  and  carbon  dinxidc,  and  a  procipitatc  w 
uranyl  hydroxide  is  formed  at  the  samw  titne.  The  oxalic  acid  tlierr 
fore  uiidergoL's  the  same  diMiomposition  ae  by  hi-atinj;  with  I'liminali™ 
of  water  (p.  4  I  ij),  and  tiiti  iti-si-niuMi  acts  catalytifwlly.  'I'hn  iimiivi 
aattfl  of  other  organir  acids,  exhibit  Bimilar  derum position  in  tho  light. 
With  phoapliorir  acid  uranyl  forms  a  p/i'is/iti'iff,  L'O..HrO,,  in- 
soluble in  acetic  add,  or,  in  the  preeeiii:e  of  nmnioniuiu  adls,  iht  t>>ni- 
poiuid  rO;(Nlij)PO^.     Thia  preci pittitiun  i^  used   for  the  voluiucino 
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chlorine  an. I  frti-.tchhrhie.  Tiie  Intter  forms  dark-green  cTyawla.  whid 
dissolve  in  water  to  form  u  (iark-grecu  siihit.it)ii  ;  regardinj;  Uie  lalter, 
it  tins  lieeii  stated  ttitit  it  Is  not  of  >t*elf  oxkMaed  by  tlie  aimos[>ht'n'r 
oxjgi^Ti.  but  is  8o  ill  preseiici;  of  iron  sjilta.  This  is  iip(tarently  iitimilier 
cue  I'f  fainlyric  nrcpleratioii. 

Fium  the  totrjithlorirle,  a  /n'rhlori/tr,  UC'l^  can  lio  ubLaiiiwl  liy 
cediictiun  wilh  Jiydrogen  ;  this  is  n  brown-red  mass  which  readtlj'  &» 
anWfa  in  waler,  biitr  with  the  [alter  forthwith  evolves  hydro^eti  mml 
jHieses  into  a  haaii"  nhUtriil*  of  tetnivslent  liriLiiium.  The  fr^sli  Buliitiori 
gives  with  ninstit  pot^i^h  a.  brown  pretijiitate  of  unirtitmi  trtii^i 
whiiOi  also  vory '•|ui('lv!y  oxiilisea  with  :?vo]iitiun  of  liylrogcMi. 

rrj4.  Sulphur    Compounds.— Ami iKiiitii 111  milphiilf  ili'ituRit* 

brown  precipitatfi  fruru  uranyl  saltH  ;  thf  prwipiuito  is  >minyi  su/^Jm/', 
Utl^S,  which  18,  however,  jmrtjally  decotrposed.  For  from  ite  »iil- 
phiir  compound  ov«ii  whI+t  spHts  olf  Hulpliiiretted  hydrojjcii,  whirh 
[Mirtiitlly  reditcea  the  uratiic  oxide  formed,  n.nd  is  ronveriiHl  lutu 
Biil|ihin'- 

755.  UTEiiiium  Rays  and  Badio-activfi  Substances. — In 

case  of  uranium  a  property  was  first  observed  which,  however.  li» 
since  been  found  in  viirying  degree  in  other  elvmenlfi  a.lt">,  atid  tti 
their  pompounda  ;  it  consisls  in  the  folUiwing.  If  any  nraniiim  onn' 
|iouiid  is  planwl  on  a  photofirapb ic  pkte  covm-d  wilh  black  |>a|ii?r,  ibf 
plate,  unrlergoes  a  chttnge  fw  if  light  hud  ncteil  on  it,  i.r,  it  emi  Iw  '1«- 
vclopeti  {p.  OitO).  This  action  takes  yilace  HJan  tlirmiph  tliin  pljilo^  "' 
inioii  or  of  ijliisft,  but  is  diniinisbiHt  by  plates  of  greater  ihicknt^ 
Iiroportionately  with  their  Henaity  and  thickneBS. 

A  further  inHnonco  emitted  by  these  suhstjinces,  18  that  they  inalre 
the  »ii'  and  other  giisea  oleftincally  rmi^ucli'r,  so  that  an  electhe  turrnit 
can  he  pa,ss«il  tlirongh  them.  This  property  serves  beat  for  the  met- 
aiirvmcnt  of  tht:  iiittiience  cxorctsed. 

Finally,  certain  [ihasphorescunt  sulistanci's,  niorfi  «spei-ially  liivriiuD 
pltititiocyanide  (p.  7''-!'>),  n.re  rendtreii  luniitoUe  by  thi3  action  ;  Imt  itill 
effect  bocoiupM  visible  only  with  fairly  high  degrees  of  jwitivity. 

It  has  been  found  that  these  proMsseg  are  due  to  curCitin  rontirtJ 
changes  in  ilu'  partiniUi-  substances,  in  which  lacge  iinKiuiit^  of  cnury.v 
arc  iievt?loped.  This  f^nersy  Assumes,  Jii  the  first  instance,  the  iim 
n.f  "radiations."  ('.'■.  it  is  proiBipite-d  thiimgh  spare  with  vcri  J3™' 
i-elndty,  and  essontidlly  in  straight  lines.  Its  propagation  \*  infinfw" 
by  the  presence  of  Iradies  only  in  so  far  as  thene  ahsoph  a  dcti 
]iOPtion  of  the  energy  which  is  finally  changed  into  hent.  Thi«  ti 
forinattoii  is,  in  the  first  def^ri^e,  jiroportionjc!  to  the  miis»  (drnsiiy 
thickness)  of  the  Bnbstances  thro'ii;li  which  the  cadiation  |T.ia»n«,  awi 
is  independent  of  their  chemicjil  nature.  For  the  rtwt,  t]w  nidiiitiriii.' 
themselves  are  made  up  of  diH'erent  parta,  which  are  di*iiiiiininhw! 
from  ivurh  other  by,  amoagat  othicr  things,  their  power  of  hemij; 
alworbed,     Whfjreas  gome   are   retainod   even   by   thin    paper,  oi 


tU(        URANIUM,  TL'NCSTEX,  AND  MOLYBDENUM        747 

EU)  jicnetrn-te    throiijili   thick   steel   iilntes.      JUdiations    hjiving  tft    a 

.1111    extent    a    sinitlfir   Itehftviotir  jtre   known   as    "  cathodi*   niys," 

hii'li  iirt-  iiroi!uci!iI  from  the  iinthaiiti  when  eloeCrifnl  dischiirgea  occur 

very  ililiitc  gases  :  fmiii  the  siiodo  <tlso,  similar  rajs  proccL-J,     The 

iniiical   rii4ti»tioim   a{    ihi!    »ul>Bt.incctB   almvo   iiieiiliujii'il,   which   are 

olletl  rati it> lit: i.i V B  NiilfHtJUiL-ea,  can  be  chuviictenaeil  as  Cnllowa  ; — 

A  portion,  anti  ihat  the  grcateBt  {when  niHasiircil  by  the  Miinitnt 
fi[  (fricr^y  involvwl),  iMJsseBses  in  only  a  very  slight  -ic^'rct  the  power 
of  perietmting  (umilenilile  sitlistances  ;  luid  in  n  miign«t.ic  liolii  it  ie 
deriateil  from  it-s  struight  i:niirse  iti  the  sume  direi^tion  im  a  current 
xi  poeitivt*  elecLric-ity.  Tlieaa  rnjs  Jiit»,  ilcsigriated  as  a  rays.  B<-siiit's 
tliac  then;  mi;  /(-rays,  whirh  i»re  more  pimetniting,  are  dcviiitt-d  hy 
■  iD4^[ii>L  ill  the  ^-iJui!  liit'bcUon  as  a  current  of  negative  clevtricity, 
and  ar-^  j)lKilojcraphii:^»llj'  attivc.  Finally,  there  are  alsn  y-rays,  which 
khjive  like  tho  X-rays  discovered  hy  Iloiilypn,  are  very  jn'iietraling, 
•tid  exj-critin'Tt  no  deviation  in  the  magnetic  lield.  Tlio  invcsti^utioiiB 
•>fw  famed  nut,  refer  chiefly  to  the  a-rays,  the  strength  of  which  is 
iwasiired  hy  the  conductivity  which  thoy  impart  lo  the  aic 

ThiR  pi-o|nTty  of  imjwning  cundiictivity  to  thf  air  hy  means  of 
l^eir  u-mya,  is  pu&aeflt>G<l,  in  the  first  phice,  by  all  lUMniiini  vompcillml:?, 
i"i>  ineiisurp  nearly  proportionid  to  tho  aniotint  of  uranium  jiieaent, 
*""]  nearly  in-lcptrndent  of  the  tetupeiuKlrc  arui  other  ciromistjintes. 
it  IE  also  met  with  in  the  case  of  the  thorium  compounds.  The 
pnpeity  cAn,  it  is  true.  Ii«  tenipoi'Sirily  altered,  btit  again  iippeiirB 
«flcr  wnie  time  hi  its  fcimier  strengtlj  :  find  is,  in  the  end,  cjuite 
'sdrjie  lit  lent  of  the  treatment  which  the  preparation  hafl  meanwhile 
!  amir rgo  lie. 

In  the  .'Ml.,  of  various  minei-aJs  containing  nratitnm  and  thwiiiin, 
th«  ra(]iatioii  w-ts  fuiind  cu'nsiduraMy  more  intien^e  than  in  tln'  pure 
'^citortiis  of  theae  elements.  This  led  to  the  scareh  for  nther  buIi- 
kUuitea  possi'fKging  a  cnrrespnndi ngly  greattr  ra<liation :  and  various 
OtlueA,  Buch  OA  iKfloninin,  actiniuni,  i-aJi(vlellnriiim,  have  Iwcii  pro- 
for  llie**'  [Hiwerfmtly  radiating  suhstiinces.  Alllioiigli  it  is 
tej  thiit  nGveiii!  such  elements  do  really  exist,  only  one  of  tbeae 
n  isolated  in  any  degree  of  purity,  iintl  cluiraeterified,  namely, 
rstfmm,  discovered  by  M.  and  Mmc.  l-'urie. 

Radium  is  an  (>lemcnL  of  the  alkaline  oartli  gioiip.  In  its  properties 
ft  fi  M  cliwelv  related  lo  Ijariura,  that  it  can  Be  sefMraiejl  from  ii.  only 
(^  «ppniximale  meihtuls  (fractional  cryatallisation  of  the  bromides). 
ll  differ*  from  Itiiriuni,  firstly,  in  its  exceedingly  intense  radiation  ; 
fcnd,  Bcrondly,  iri  its  apectrnm:  It  im|Tarts  a  red  coloration  to  the 
iMtne  of  the  Bunscn  burner,  whereas  barium  givea  a  green  colour.  It 
bnot  yet  known  in  the  metallic  state,  since  it  oceurs  in  the  minerals 
fchov*  mentioned  only  in  em-eedingly  minute  amount*.  Its  ccnnhtning 
tight  iii  \h\  =  22^. 

e  moat  remarkahlie  property  of  ratJiuin,  which  it  poesesses  in  all 
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its  comiwuinJfi,  is  Unit  of  fftriUnuousJy  deyeIo(ii[ig  eiiorgy.  Trhich 
its  ;iiJjiEi;iraiii.-i!,   iu   die  lirsl  ]»laci*,  in  tilt"   fui'iu  of  r;uliAtiuii» 
desi-riliyii  -,  hwl  wlieii  thosu  aj-e  reUviui'd  by  lliifk  wisiii^s  ■>(  me 
is  trai lafnrmed  iiilxi  heat.     One  gt'Min  of  railium  dcvelopa  in  nn 
iiliout   100   I'flJ,   or  418  joules;    01-  in  a  bwoihI,  aouK-lLitig  over 
millicin   ergs.     Stoce  an  exterii»l  sourue  of  ibiit  Gtici^y  could  mit 
demoiisl I'jLted,  it  tijipeai'ed  as  if  tlie  lnw  of  tln^  conaenatitm  of  am 
wiw  disnliuyed,   until  it  was  d isL*<iveTttd  by   Rtnisuy  and  Suddy 
hfUnvi  n  ihthIuwiI  from  the  niilium  asU  in  umoniit  ]>ri.)[«"'rt iori.il 
tlie  tiiwrgj'  devtiloijcil.      It  ma.y  lie  jLssiiiiieiJ,  ihurL-fure.  tlial  *<■  hi 
hpre  »   case  nf   true  trail smutation,  e\icli  fts  the  airlieroials,  in  vain, 
att«mj>tefi    tn   bring   about;    that  is  to  say,  we  liave  horu  a  ciuw  of 
the  trfinBmiitatinii  nf  onp  ihlemetit  into  nnother.     Therw  is  no  eitiiln- 
diction  in  the  fact  thut  thifi  hitherto  unknonit  reaction  is  Bt^ucblol 
M'ith  a  gretiter  dcvelojiment  nf  enL'rg;^'  than  ii^nal,  iinioiintin<>  tw  wnifl 
miliiini  times  njoie  than  tlijvt  whiirh  ta  dt^vflcjial  in   ihi*  funiiaLiuii  of 
watei-  from    an  tmionHt  of  rlelonating  gas  i'i)nivAk'iit   u^^  thn  hHium 
pruduccd.     A  diminution  in  the  weight  of  radium  has  5(j  fnr  ni>l.  l«o  , 
observed.     From  probable  assumptions,  it  can  W  nalMiljiLod  lliiit  tlw  I 
"avenige  life,"  i.c  the  reciprocfil  of  the  fractional  nmoiinl-  ulwngwl  ill 
a  liewmd,  Jimounts,  in  the  wise  of  indium,  to  wboiit.  1  500  yewi-a.  wi  ilat 
a  meaaii nibk^  dinunution  in  wcii:ht  lould   bo  iiliBcrvfd  only  by  toting  ' 
fairly  larj^e  lunonnCB  of  rariium  over  a  [>ertfjd  ol  sevend  yuars. 

Helium  is  unt  tin;  inimcdiittt;  product  of  the  sjHUilrtneotw  Irsii*- 
mutiition  of  radium,  but  iiiterniedJate  Bubetancoa  of  greatly  inii-ntr.- 
stability  an*  formed.  These  i)ehavu,  in  <;enerHl,  liko  elpmciitury  (T***! 
of  the  type  of  argon  nnd  helium.  Tbey  are  railed  emanatiPii^  Th> 
emauntion  frnni  radimn  bus  a  molar  weight  of  about  1  (.'><>  <jud^<Hl  ftvni 
diffnnio[i  ex]ii?rimeiit£) ;  man  be  tcnideiised  at  thi-  tem|«'rjiturt'  of  li«|iiid 
air;  jwiaseHses  ita  oyra  spectrum,  having  the  tdianicler  of  the  Iirin* 
Bpectnini ;  but  has  un  average  life  of  only  1 2H  huui-a.  In  itj  Uiii» 
furmiitiun  it  gives  rise  to  other  eimilnr  iiUbeUiuces  of  still  leoe  slAlnliljr 
80  thiiii  on  the  whole,  about  livfl  different  slagps  are  pasHKd  ttrougi, 
whiidi  dill'er  in  their  Hff.      Uranium  tvnd  tlmriuni  ljehrtv«  ainiiUrly. 

These  bi'ts  lend  tn  the  itssninptitiu  that  the  vrll-kiiown  clem 
uriiuiiini  iiiid  thorinm  hiive  i-tily  a  transitory  c;.\i*tL'iici;,  imd  »rc  im 
going  sjMiiii-aueijuH  triuismutatiou  with  evolution  nf  p.nt'ryy.  Tlie  SmIi 
[troduct  of  tht'ir  trnii)fformatii>ii  appeair^  to  bu  heliutti.  for  thU  ia  kll^H 
Kitind  ii!  the  minei-als  in  which  these  two  oUgucntA  oei-ur.  On  «i!S 
jiiiriiiK  tho  intensity  of  their  radiation  with  that  of  radium  and  of  <iw 
emanjit-iriii,  ihti  conclusion  is  reached  that  tlicir  avoraEe  life  m 
T«ry  ^rout.;  in  round  niim>)Ur8,  »  tboiisand   udllion  yeare.'     This 

'   Nnt  infrMiueNtly  Mir  miiiii  k  in  liraknl,  llinl  If  t.liia  |iri"'raii  hnil  hi.wii  i^iittj;  osj 
cUj'tiil}'.  it  "itlsi  ulrra-I)'  liuvi;  ct.iHvk-k'lj-  run  i<B  cKiinn^,     IIibiw  l»a  in  l<*  iitiil  In  i 
to  \\ih,  tlint  Ilii^  I'tiiicrittlciii  if  planiily  liD~  iio  ifXU«t  flij'nicnl  niiianiiig.     Id  »  tiiu»-i 
tliH  lliiiitt  Hi  wlikli  Bi-B  known  nailliur  III  one  nor  m  lli*?  nllwr  ■fllret'tion,  tlie  | 
Iw  11.  iiiiy  jwliil. 
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than  that  assumed  by  geologists  for  the  deyelopDiBnt  of  the 
I. 

5ti.  Tungsten. — This  element,  was  discovered  in  1781  by 
sle.  JltleUllic  tiiiigstrcn  ciiii  be  olitained  hj  the  reduction  of  its 
i  in  a  ciin'SJiL  of  liydi-ogeu  or  with  chiircoal ;  it  is  a  grey,  very 
ultJy  fiiaiWe,  han!  nieta),  the  rlensity  of  which  is  16,  On  at-cnunt 
ese  two  propornes  it  would  liu  very  auitaiilc  for  oaiinnn  liaKa  if  its 
nit  fiisiltilily  tlid  not  iicl  us  a  hirjclnmru  lo  its  iiirtiii[jiilutiori.  It 
technical  ap}>li(?atiun  as  an  ai[dJtion  to  steel  (tuu^sten  steel). 
[le  combining  weight  is  VV  =  i84. 

^in^ten  forms  nifuiy  I'ompoumla  iii  which  it  appears  as  divalent 
nnralent.  TJic  lower  Htaf,'ea  have  basic  prapertiua  :  the  highest 
en  eompound  is  a  pronoimced  acid  anhydndc.  Of  all  the  stupes, 
the  nithBl  stable. 

"uit^/f/'ii  ImvUr,  WOj,  the  anhydride  of  tnngatiu  ueidj  is  obt«irtod 
yellovr  powder  by  the  actiun  of  acids  i>n  its  salts,  sotue  at  which 
■  naturally;  it  is  very  slightly  soluble  in  water,  but  readily  dis- 
s  in  alknlis.  According  to  the  tempeniture  of  ]irecipitati<ni,  there 
laint.'d   the  anhv^dride  (i/i   the  heat)  or  the  hyilroxidufi  Wi)(UH). 

(y  di-taolving  the  oxide  or  hydroxide  in  the  calculated  anioiiril  of 
iff  potaab  or  caustic  soda  elation,  and  evaporating  to  the  point 
nrrtallisation,  the  normal  tuiigstiiteji  K.,M'0,  and  Na,,WO^  are 
ncl  in  hydraled  crysbiU.  Tkcs'e  pass,  however,  ^fith  extreine 
into  snlta  of  more  complex  compfisitiim,  the  tiingstic  acid  foniiing 
enscd  uci'Js,  which  ]>avt!y  crystallise  out  wjt,b  the  nonnal  turig- 
t  na  duiiMt!  s.'ilt>5. 

formal  tungstittes  otfttr  in  nature,  and  coDstitute  the  ores  of 
iten.  The  ferrous  compound,  FeWO,  (which  yerienilly  contniiiH 
pui«se),  19  called  wilfram  ;  the  calcium  c-oiapDund,  OaWO^,  K>trdilf  : 
tani  salt,  .iffirrlrtinf-. 

hi  lK>iling  II  solution  of  an  alkali  tungstate  with  excess  of  trioxide, 
quantities  of  the  hirter  are  dissolved,  and  the  iiirMviiijdatti, 
',1)^;,,  ar*;  formed  in  which  a  very  stable  condensed  tuugiitjttiion, 
„',  is  preflcjil.,  the  rwicttoriH  of  which  dilFer  entirely  from  those 
mak\\  tnnj<aUiiiion,  WOj".  For  example,  the  dissoWenl  salta  are 
livcipit4it«d  by  acids.  By  thu  action  of  sulphunc  acid  on  ths 
illtly  *jluble  barium  suit,  a  sciliitioti  of  iiietatmigstic  acid  cati  be 
nfd,  from  which  the  latter  can  lie  obtained  in  yellow,  extremely 
lie  crv«tnlh,  by  cvaporanon. 

tifTd'cnt  from  metHtungal il'  acid,  there  is  thu  sttcallcd  culluidal 
no  acid,  wliieh  is  idhwiiied  by  dialyning  a  soluiittu  of  a  normal 
Be  eligbtly  acidified  with  hyiirtichloric  flcid.  The  Ifquid  ilries 
^  gummy  mass,  whir-b  re-dissolvos  in  water,  forming  n  sticky 
I;  it  dires  not  taste  iKid,  and  \^  not  precipitalud  from  ."ioliitiMn  by 
or  sulii!tane«s,  h>  hiinpena  in  the  case  of  colloids. 
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tion  a.la(.i  exijilnts  an  ;i|ipi'ei-iiili!i!  t]ojnH.'s«iuii  of  the  freezing  |joiiii  wbwk' 
leads  to  the  (doulitfu])  fonmUii  ILiW^O^q. 

BesidoK  tht.*  aljuve,  othei'  diveiBitifa  have  alsn  been  observed  in  ilw 
casti  of  ti9iig»tic  Auid,  depending  on  tho  very  riuid.v  und  often  iii;ciirHii£ 
formiitiun  of  tumplox  iicids  witli  other  acids.  The  L'oni]itfiiiiils  Kilh 
ailicic  aoid  liave  beuii  ttiusi  tliijn>iij;IU_v  invcplifiaLeti ;  similur  c«aii"mini« 
wiih  phoafilinrtf,  iii'scrtir,  vanjidic,  iodii;.  IxiHc.  and  utlivr  in-iils  *W 
.Gsisl,  The  i;(.iraprifiitti^n  is  ilial  'A  ihi.-  it'iovc  adds  plus  u  cleluum 
geimndl^-  :i  iiiryur  ininiticr  cif  combining  wdglits  of  WO^;  in  lit 
process,  the  hjiaicily  of  the  olh.ei'  atids.  gi^utrally  I'enmine  iiiich»Nf^ 
but  Line  conqdex  acids  pmdiiirdcl  ;i['o  mostly  considiTHlil}'  stronger  lliM' 
the  mothoT  Mib^taiKcs.  A  di^scnplJon  of  th&  did'erent  cuiufKiiinvii 
would  take  us  tuo  far. 

On  ti-featiiig  tuiigstaWs  with  zine  in  ai-id  boIuuoii,  til''  liijuid 
becomes  dark  bhte,  and  on  fiiilhur  i-«ductiiin  brown,  ft  ibr'n  conixini 
iho   tfitraviilcnt  ion    \\  l''ri>ni   this,   tnrtgf^taiiion   is  i^jain   rcviiljr 

formed  bj  means  of  oxidising  jigeots. 

Vary  varidd  comiionndB  of  the  ^enemt  focumla  Na„{W(>,),  ire 
obtaiufd  by  weak  [■edoLiion  uf  Htwliiim  tmigsUile  (by  tiiifton  willi  itn}; 
thiyse  liitve  all  ii  tini)  niflalliu  biBtn^,  liiive  difffPL'nt  eolour  n.fCor»im/;«i 
tlie  jumiiiiit  of  tutL^»ten  thi;y  cuulaiii.  cnudiiet  ulectriciiy  liVi-  u  mci 
and  Ai'e  axtcenuily  nisisUmt  to  lliu  action  of  water,  acids,  and 
They  find  an  iiji]iliaiiiini  as  "  tnugstcn  bronw." 

757.  Cblorides  of  Tunggteo.— On  heating  memllic  UingBtwi  in  •' 
Clirroiit.  of  chhiiint',  with  Liiiefu!  exclnaion  of  oxygen,  thff  hf^nMiri/i'. 
WCin,  i.'5'obtJiiriud  in  Idiick- violet  crystals,  which  nirtll  ;it  li75  ami  M 
at  -T-tr".  The  vapour  contains  a  hi  tie  free  chlorine,  aii  tb»t  oa  n-|>nil«i 
diatilhitiori  (;hloriiiu  eswipes,  and  tbt!  lower  stJtye.  Iiin^4n  j»"'"- 
flikiruh,  WC'l,,,  ifi  formed  in  black  green  L'tysLiilline  nci'dL'^,  ii\i\A 
nit'lL  at  'l^ii  anil  bull  at  'llki  .  This  substtUice  also  readily  (^[lUu  'M 
(faloriiie,  and  on  distillation  in  a  current  of  an  indiflerfEit  ^»&  leavrKX 
ri-'sifbie  of  tunjisteii  tolraLddoride,  Wfl^,  aa  a  nnn-vnliitilo,  j;revI'ro»t 
mass.  By  the  action  of  redncins:  iigents,  f,;/.  ■(rl  hydroyMi,  ihiN  tsan- , 
pound  linally  parses  luto  the  dichloride,  NV4_'I„,  u-hrch  Inu  a  sioriH 
appeitrance.  ^^ 

Besidpa  these  compounds,  Ita  oxyrhiciniJos.  \nz.  WOCl^  «nf 
WO„L'U.  are  very  rwulily  formed  in  th«  pro.SL'nce  of  oxygen  nr  "wiXtt. 
The  first  eom[ji]inid  Inrius  hmy.  ihtrk  red  nuedles,  melting  at  lliu'  utiil 
boiling  at  -2H  ;  'he  seijond,  whitb  is  c<)m)Mirablc  with  clir<ioifl 
ehloride,  appears  in  bright  yellow  landnie,  iIr-  melting  priint  of  wliidi 
lies  above  tli";  lemifer:iiUT(>  of  .jiibiimittion  (aWiit  260  ).  On  disliUi 
t,ioii  it  reaiiily  dt'cumposea  into  the  pn-cedirig  t-oniiioiiiid  and  n  rMwhir 
of  tungsten  trioxidc,  Both  niid^r^o  violent  decomjiOHitiuii  with  waW,; 
forming  lunj;:slic  acid  and  hidrogcn  chloride. 

758.  Sulphur    Compoands.— Th<.'    acid-forndng    pro[>crtio)  4> 
tungsten  arc  exhibited  alao  by  ita  sulphur  compounds,   (or  it 
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iotmigBijites  iit  which  lh<e  oxygt-n  of  ibe  tungstates  is  yrfitiually 
|»liu^ei1  by  atil[)hui'. 

hy  pfkSBing  EiitphiireUed  hydrogen  into  a  suhition  of  an  ftllCAli 
ngstAi«,  i.he  corresponding  thiotuiiyslate,  M„WS^,  is  oliUiineil  only 
hitft)  iliare  is  axL'esg  of  itikali  hy(]roi^iil].ihidfl.  Jf  no  lixfresa  ia  [ii'fseiit, 
1  <iiliiMoii  wit-h  watitT  thv  siil]»liiir  in  llie  thiu-iicid  is  gniduidly  re- 
[&w<i  liy  Hxy^jen,  aulpburttied  bydrugi?!!  being  cvulvwi.  Thioliirigst- 
Qiim  is  yvlluw  in  ciilimi-;  by  repliiuing  tie  sulpbui  wilh  uxygeii,  the 
rioiii'  lit'comes  i;i.irre9|julidii]giy  \»i\cy. 

On  arlditi^  aakU  to  the  tbiotnii^statta,  timigsten  sulp]iidf   is  pre- 

hrit«te<l,   und   Euliiliiirctlud   hydrofoil  is   evolved,    thiotuiigstic   acid, 

\dch   is   primiiriily  fi)rmed,   dermiipoMiig   ns    iisuiil    iiilu   ihfat;   coin- 

uiiiint.H.     Tmi^slfii  U'isiilphiile  is  tbiis  utitaint!!!  iis  :t  brown,  amoi'phijus 

reuipirute  which  pai^^es  into  cDll'iidid  ^'oliuioii  in  wrktiT. 

Frmii  turif;8t<?n  and  sulphur  nX-  i»  bijjh  tempenitiiris,  ii  lower  sul- 
}iiJr,  Wa.p  is  obunned  in  grey,  ^rapliile-like  liiiuitjiu,  which  arc  very 
lal>le. 

7^>9,  MolybdcnUin. — The  chemicdl  individuiility  of  molybdtiiunii, 
lui  Unit  iif  tniifisten.  was  et-talilistied  by  Srheele,  altlmnyli  tbe  inet:il 
Fu  nut  obtuLiied  till  iali-r, 

Mulyliii€'riLiiu  rfsi;mbles  iha  rulntcd  element*  in  re»|K'cl  uf  lb« 
cuioly  tif  iu  C"t])|>«niids,  f»r  its  vidency  varies  from  iWii  to  six.  In 
hi»  case  also,  tim  tompcmiids  of  tb*  hexavulent  type  are  tlie  most 
Ubiu. 

Tbi?  ffiinbiniiig  weiglii  of  niolybdenum  is  !j6  0. 

iUt'iiUr  iiit>hfl'J''"iiiiL  is  oljuiined  a--^  u  wbile,  very  diBicultly  fueiblB 
nt'tul  M'hicli,  like  iron,  Iwcumes  morv  rciidily  fusible  and  very  hiiiil 
irijugli  iiliem-])tiu(i  of  fni'ltoii.  It  is  hut  alt-iicked  by  dilute  nviAs  jind 
loiidised  by  Biiiric  Licid.  In  the  ytoti'tLtiHl  se<ries,  it  appeura  U\  stand 
D  the  ii«ighboiu'hrnid  i-f  li=i*dv 

"60.  Molybdenum  Trioxide,  the  anhydride  of  uiolybdic  iwicl,  is 
^'lUiTied  in  the  iTiido  Miiw  hy  roiiiiting  th<>  niiturally  oct^nrrinji  mntyl)- 
Imhuii  sulpliido,  hihI  iri  piirifie<l  by  iliasiilvint!  in  luninuniii  and  repeated 
KMuLiDg.  Il  IS  a  whit€  substancu  which  h&comei;  Vfllow  on  hciitiii||[: 
n  a  red  hem  it  melta  aud  vulatilisej).  It  ia  readily  reduced  to  tin' 
aeu]  hy  ni<!Aiis  of  hytlrogun  tind  cbarcoiil. 

MolylNlemim  trinxide  is  the  anhydride  of  a  seriea  of  acids  which 
ly  IwrriKx!  from  it  and  the  elemfliita  of  water  in  varying  proportions. 
ilierens  in  the  eune  uf  tiin^stic  add  thv  luetatiiri^i^tii'  .icid  at  lea^t  was, 
)nnd  tu  )ni  well  tharjicterieRd  and  stahl*,  no  similar  ei»mjiound  is' 
Down  ill  the  preaent  (aiae^,  but  the  difTcreut  potymolylKlic  add;*  Apltcar 
I  fwBs  (juifkly  and  readily  into  one  another.  Compounds  uf  tii- 
i>lyU)ic  acid,  H^.\ln,,0,^i  «ie  thi-  most  fivt^uent. 

Tliic  power  of  forming  complex  acids  is  here  developed  t«  a  psir- 
culnrly  bi^ii  dc^rcu,  and  niolytxleitum  tni)\idK  a.|>peara  to  uiiit'O  with 
«etivully  all  otber  acids  tu   foriu  such  cmupuuuds.     Fur  whil^  pura 
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mt>lyb(ieniim  trioxide.  or  its  hj'drnte,  ia  only  sparingly  soluble  in 
Wilier,  it.  (iiiBscs  iibuiidaiitly  into  solution  in  free  aci'ds ;  silti  of 
iQoIybdie  ncitl  therefftre  give  no  precipitflte  of  molybdic  MCJd  on  adiiDg 
excess  of  anothier  acid. 

Of  tlienD  complex  componnda  the  phosphomoBybdic  toJ 
lI,P<lj .  lOMoOj  is  the  best  Knowti.  Resides  the  compnnncl  wiii 
H»>riiO.|  f,hei*i)  itru  iilso  cora|ioiind3  with  jioi'fectly  Mmi1.tr  propcrtiw 
cofitiiiniiig  1 1  M oO ,,  Jtrid  lifMoO^. 

The  very  difficultly  BDJuhle  ammonium  Bait  of  these  JM-id*  it 
obtaiiiod  hy  wiLrmiiig  an  ticid  solution  of  nminoniun)  nio1ybdikC«  witl 
a  Jitpiid  containing  phosphoric  acid.  The  liquid  firsi  ^^imhhiks  yclli>* 
and  i.huii  depofiits  ii  yeflnw  powciur,  which  is  the  above  umnwiiiiini 
salt,  Aa  is  frequently  the  eaui'  in  thi^  foimiitiim  nf  complex  com- 
poundfi,  tho  rt-iiclioii  docs  not  t^ike  plnce  iiisLiiiitanL^nualy,  liiit  vexjuim 
a  moderately  long  time  for  its  eoraplotioii. 

•  Sirido  tlic  reaction  occurs  in  jicid  solution,  and  since  a  vcrylarp 
quuiitity  of  prwipitatG  is  obtainied  for  a  Brnsll  i|ua»Uty  of  phosiihuM 
acid,  the  reaction  ia  employetl  for  the  detection  of  phospburii:  iioid  ia 
analysis.  Care  must  be  taki^n  that  the  niolybdic  iieid  ii;  pri'senr  m 
excess  ivs-,  othetwiae,  aolulile  fompouiids  can  be  Ibruicd. 

Krnm  th-e  auimoniuni  suit  the  irae  ^kofp}Mmi)lijlidif.  •trii  wii  to 
obbiiued  by  ivanning  with  aqua  regiit,  whereby  the  Amnii'iii'i  if 
destroyed  with  cvi>luliuii  of  nitrogan.  The  solution  on  conceiitmtiuii 
yields  hue  cr^'atals  of  the  free  actd.  It  can  also  \h\  obt&intsl  bv 
warming  phosphorii;  acid  and  luolytKlic  acid  in  the  requisite  pm- 
portiori&.  Pyru-  and  meta-pliosphovic  acids  do  not  give  tbfir*  vm 
pounds.  This  free  acid  is  yellow,  very  ixiarlily  solublo  in  wulM,  *»! 
yields  precipitatos  with  "alkaloids"  (organic  conipoiuidsi  basic  Jm** 
tives  of  ammonia  whieh  occur  in  plants  and  have  mostly  a  puwer/iil 
phyfiiologicftl  action) ;  ii-  servtjs  therefore  as  a  reagent  f'T  these. 

tRi.  Lower  Oxygen  Compounds.— If  zint  ia  imrudnttd  intoiht 
acid  solution  ot  niolybdic  add,  the  liquid  first  IjcCoraes  blue,  fUni  ha 
further  reduction  passes  through  various  mlonrs  into  bniwii.  The 
■at/liition  then  coiitaiii.'i  a  salt  of  the  trivaleut  iiiolytHieniiJii  Mo'"  ^ 
very  powerful  rcduttioii  one  aui  descend  still  lower ;  the  reiull 
solution,  bowevei",  oxidiacs  with  esftretae  reJwliuess. 

From  inolylKleimm  trioxido,  the  corresponding  XfngainjiJe,  H' 
ia  ol>tiiined  aa  a  black  powder  by  reduction  with  hydrogeu  at  i  n«l 
heat.  If  the  temperature  la  only  moderately  high,  the  dinxide  Mrf' 
is  formed  a^  a  uiystuHiiio,  violol,  or  copper-colotiEOd  raasB.  Itorwrtn 
this  and  tliu  tj-ioxidt-  arc  the  ]'i-«i!ily  furmod  blue  cunijiuinjiK  ih* 
composition  of  which  varies  and  cannnt  he  (^haractoHsetl  with  suffi^au 
sharpneNH. 

7fi2.  CrtUoriiie  Compounds  of  Molybdenum. — A  chloridn  wr 
reBpondiuf^  to  itmlyl'denum  tiioxide  is  not  known  ,  thtr  hii:lieat  uUirtiw 
stage  is  a  fwicku-fUi'iide,  MoCI,,.     Tliis  ia  obtained  by  gently  wsrminj 
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ie  molybdeDum  in  a  current  of  chlorine  ;  It  is  a  ilnrk  red  vapour, 
oondenses  to  a  liquid,  boiling  )»t  26S'  iin<l  Bt.]idi(_viiig  u.i  194"  to 
gre«ii  crystals.  Tlie  chloride  reacts  violently  with  water  and 
li  Wiie  liquid  which  deposits  n  brown  prcctpEtnte  of  mulybilenum 
fdroxidc  oQ  addition  of  alkalis,  white  a  molyb<Jat«  retDaio?  in 
m. 

lien  the  p^ntachlonde  is  carefully  heated,  in  a  current  of  hydrogen, 
■B  into  mi'fjih'IrHum  IricJilnru/r,  which  is  verr  similni'  in  ftiipe«r- 
m  red  phosphorus.  On  l>eiriy  more  strongly  heated,  this  de- 
Bi  into  diHicultiy  volatile  ilii-hl"u<if,  which  remains  behind,  and 
wrvlt;  which  yolutilises.  The  foirmcr  is  a  yellow,  iion-crj'stiilline 
the  latter  a  brown  powtEer,  All  the  chlorides  react  energeticnlly 
nderga  double  decoDi position  with  water. 

laides  the  chlorides,  there  are  also  a  number  of  oxythhnd»r 
of  which  are  ver)'  reaflily  formed.  The  compound  MoOjCl„  is 
'-white  in  colour,  and  is  obtained  by  heating  a  mistuio  of  niolyb- 
I  irioxiiie  And  chareoal  in  a  current  of  chlorine.  BesiJi'S  it 
are  also  formed  the  violet  compound  Mo^OgCIa,  and  the  green, 
n^  whieh  become  more  volatile  ;i3  the  umonnt  of  chtoniie 
flee  ;  the  compound  last  mentioned  yolaliliecB  even  under  lOO^ 
Molybdenum  irioxide  volatilises  very  reatlily  tit  1 50^-200"  in  a 
it  of  chlorine;  this  is  due  to  the  formation  of  a  compound: 
OjCI,,  =  MoO^  +  2HC1.  Salts  of  molybdic  acid  are  also  de- 
)sed,  the  moly^xlic  acid  escaping  and  a  chloride  of  the  particular 
remaining  ht-bijirt. 

(3.  Sulphur  Compounds.  —  In  nature  the  compound  MoS^ 
I  as  nioli/Mniviii  'jl'tncr.  I(,  is  a  grey-blJLck  suhatance,  similar  to 
ite,  and  in  thr  source  from  which  the  other  molybdenum  com- 
U  are  obtained. 

D  pofiBing  sulphuretted  hydrogen  into  the  sulutione  of  the  alhaH 
xlates,  the  liquid  liecuines  inl^n&G  red-brown  in  coloiu'  and 
ilts  a  corre&r»iid ing  tUwaiolyhdatf.  A  similar  variety  tj>  that 
t  by  the  salla  of  niolyJulic  acid  is  found  also  in  the  case  of  the 
jf  thiomolyhdic  acid,  with  reBjiect  lo  the  relation  behvcen  acid 
ate,  so  that  the  descriptina  of  the  different  compounds  would 
oo  far.  On  adding  tin  acid  lo  the  solutions,  a  preeipilaio  of 
imttm  /rifiil/ilmii-  \a  forroeil  with  evrilution  of  sulphuiTtted 
gen  i  it  is  a  red-brown  fiub$taSice,  which  givies  a  colloidal  solntioiv 
wat*r. 
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764,  General — The  metnls  which  have  to  be  tre&ted  iu  this  chaj 
cotifililute,  along  with  silver,  the  group  of  the  nM'  rrutnlt. 
this  d-ceigiiation  there  in  imilci'stnoil  nictds  which  do  not  unite  vi^ 
the  oxygen  nt  the  air  either  at  high  or  low  ternppratiirt's,  and  vrhic 
<iin  Ije  converted  only  wilh  difficulty  into  compotuKU  Ky  ineaw 
chemi(>al  renclioiis.  In  othar  worJs,  they  are  metallic  elemenle  which 
in  the  eUimciitnry  state  contain  tuiich  less  free  energy  than  tbtv 
eompounda. 

Such  ri  sUitement  miin«t  of  ctrnrse  be  made  quite  general,  einre  il 
depends  on  the  natnre  of  the  compounds  wliiit  diflflreTiPG  nf  emr^j 
exii^ts  Iwlwepn  their  free  energy  and  that  of  their  com [xinentH.  Thia, 
in  fact,  we  sea  that  lowunis  certain  reagt-Mtfi  the  nolile  metals  Iwbvn 
n&  hase,  i.e.  pass  spOntaneoii.'tly  into  comjiounds.  The  reugente  wlii^ 
haVQ  this  action  un  the  noble  metaU  are  chiefly  those  by  whicti  tbe 
metab  are  converted  into  ruinplcx  compounds. 

Of  th«  elements  grouped  together  in  this  chapter.  f/i>l'l  occiipin  * 
rathi^r  solitiiry  portion,  whilo  the  six  phliiitnn  iik-IuU  form  »  w*" 
arranged  group  of  three  pairs.  This  is  aeen  from  the  following  ulik 
in  which  the  tieighboui-ing  el^meutfl  are  espeeially  similar  to  pwh 
another.  The  chemical  similarity  follows  the  values  of  the  corohinini 
weights  I — 


Piillailuuu  . 

ioa*s 

PIntilillTi] 

191-S 

Kliuilitlln    • 

103-0 

IriiHnni  . 

ies-0 

Ruthuiiium 

lOi-r 

Oaiiiiimi, 

IBl 

765.  Gold. — Tha  Blement  gold  occurs  in  nature  almost  eiitirelf 
in  tlie  metallic  3tat« ;  in  epite  of  its  rarity  it  may,  by  reiteon  el  it* 
remarktible  jiroijcrties,  be  i-egiuiled  as  that  element  which  hna  Iwti 
longest  known  and  whis;h  was  aarltest  used. 

Gold  is  a  lustrous,  yellow  metnl.  whoso  density  is  lU'S,  ami  wbich 

Us  at  1 035''.      In  the  air,  il  remains  iindmn^ed  at  all  tcmiwratuiv* : 

moisture  also  haa  no  iiitluencH  on  its  lustre.     By  refuon  of  its  un- 
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nrabilit^  it  has  lieen  ti^erl  from  oMeii  limes  as  a  standard  of  valne 
d  for  onabliiig  this  sLindui'd  to  be  preBQrvocl.  At  the  present  day  It 
ttjupteil  by  most  conn  tries  ils.  tlie  Tjasis  of  tteir  coinage. 
Id  h  not  attackeil  by  diture  or  concantrated  acida,  so  that  h 
ans  AS  a  residue  (aa  a  brmvii  iwwder)  wlicn  uuriferuus  luetal  ia 
MUed  uitb  nitric  Jicid  or  ivitb  coiicentruted  eidphuriu  acid,  which  hiia 
siiuiLir  acLiuii.  On  tiio  otlicr  bind,  it  dissolvea  fairly  readily  in 
llunne  watur  and  in  other  bijuids  which  give  off  free  chlorine.  A 
buire  of  nitric  and  hydrochloric  acids  haa  ihe  latter  property 
L  337),  and  is  used  undor  th«  mime  of  "  aqua  regia  "  (since  it  dissolves 
le  king  wf  the  metals)  for  the  pre]tarat!ou  of  jjold  vorapoiintlB, 

Of  the  raechaniciil  profierties  of  ^uSd  its  malleability  in  the  chief  j 
ii  aUowa  of  ihs"  metal  beiiug  rolled  or  buaten  out  to  i-xtrcmely  thin 
IVHS.  These  kwvea  traaiamit  green  light.  Stil!  thinner  fiSnis  of  gold 
K  obtained  by  uhcmi<:al  prei;ipit<'Ltion  from  eolutiou,  Finely  divided 
Hi,  «ucb  lis  is  obuiineil  by  reduction  on  the  akin  when  this  is 
■^■■^with  gold  solution,  appears  red-violi^t.  This  properly  is 
^^PH^of  in  photogritphy  for  the  purpose  of  imparting  the  well- 
(oirn  brown  -violet  "  fihotogi-aphif  tieit "  to  the  biuwu  positives, 
liisifitiiig  of  finely  ilivided  silver  (p.  667).  For  this  purpose  the 
JBtbres  are  treated  with  a  very  dilute,  neutral  or  alkulino  sohitioc 
Igold,  whereby  the  gold  is  pcfi^ipitateJ  by  the  metallic  silver  of  the 
ienir*,  while  tho  silver  i>asae!i  into  the  correspondiiig  compound,   . 

OolJ  which  is  precipitated  from  saliition  in  a  very  finely  divided 
lidition,  geuerally  appears  blue  by  trunamitted  light,  ivliile  the 
cideril  light  ia  dispersed  wilh  a  brown  uoloiir.  If,  however,  pre- 
pitation  taki^s  place  in  ;\  Very  diluted  condition,  purple-red  solutions 

colloidal  gold  are  obtained  ;  these  are  precijHtated  by  salts  and 
hibit  the  general  propei'lies  of  colloidal  solutions. 

'  The  aimpk-sl  mi;anH  of  obtaining  such  solutions  consists  in 
l^wisg  wn  eloctri*  arc  to  pass  lietwe^ii  electrodoa  of  gold  under 
ier  to  which  a  truce  of  alkali  Iuls  been  added. 

In  fused  glass  also,  gold  dissolvea  in  a  colloidal  condition  and  yields 
I  fine  rctl-colourwl  ^vld-r\il<!j  ijln^.  FiiiiLlly,  a  solid  solution  of  colloidal 
Id  in  atannic  acid,  obtaiaad  by  the  precipitation  of  gold  solutions 
th  stannoua  chloride,  has  long  been  known  by  the  name  oE  purple  of 
in'u«,  and  ia  employed  in  porcelain  jiainting. 

Tlie  r-oniliiiLin;;  «  nij^lit  of  gohl  ia  Au  =  1  i}7'2. 

76&.  Gold.  Compounds. — Kegiirding  the  ions  formed  by  gold 
lev  is  as  yet  no  siitbdont  knowledge.  It  is  known  that  gold  aets 
(h  a«  a  mono-  and  hs  a  tri-valent  elenicnl;  in  the  solutions  nlso  of 
I  trivaleiit  cnuipouiids,  tnvatcnt.  triaurion,  Au'*',  can  be  assumed  (the 
tiovjilcnt  gold  compounds  are  not  appreciably  solnbtc  in  watorj ;  it 
however,  imkiiowu  in  whiit  proiwriioii  these  solutions  contain  the 
I  An  "  along  with  other  cumplex  ions,  such  as  gold  fonns  with  ease 
.  coiisiUerable  numb^ra. 
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The  beet  kiiown  gold  coiupouiid  ie  gclfi  chlmide,  vbtob  ii  formed 
diasoUnny  gold  in  aijua  regia.  A  yellow  snluiion  is  prodncnd 
wtich  hydrMnrkkhm  ackl,  HAuCl,,  caii  Itfr  olftaiiiitd  in  jrellow,  riwJ; 
Bolublo  crystiils,  by  careful  evaponLlion.  Oh  lieatiug  stmiewhat  in< 
strongly,  h}'<-irogeu  cliloiide  escapes  and  g^M  li-irhhmdc,  AuClj,  rcm»ni» 
behind  as  a  biown,  crjsulliiie  mass  ivhich  is  aUo  rejidilr  soliiMt.  lu 
aqueous  solution  ha$  jin  sci*!  rCiH^tion  tuid  cOiitattts  X\w  gol'l  in  Xhi  fon; 
o£  a  complux  anion  of  thu  composition  AiiOCl^",  for  tht  trictiloniif 
unitoa  with  tho  aolvcmt  wat«r  to  form  the  eomjiound  H„Au()L'L,,  wbich 
partially  liisaociates  intn  its  inna.  By  no  me-ins  all  the  gold  chlnrirlt 
however,  ap]W[Lfa  to  undergo  this  tratisfoixnEition, 

The  hiflljoavrirlilvric  uciif,  HAiit'l^,  is  much  better  character ati 
A  largo  munbcr  of  well-eryatalliBod  salts  of  tho  anion  AuCl/  Jire  knoim. 
which,  however,  are  generallj-  iksiytiatcd  as  "gold  chloride  ilonlil* 
salts."  Thoy  ai-e  obtained  by  iho  aolion  of  the  solution  of  hydroelilor* 
auric  acid  on  any  salts  of  the  pardcul»r  bitse,  beet  on  tho  chloridn. 
they  are  often  iised  for  the  chamct^risation  of  organic  liases.  ' 

Of  the  salts  of  aiu'ichioridinn,  AiiCl^',  the  yotiuxiiuri  mW  hiis  lo  I* 
mentioned  which,  aecor-dirig  to  the  conditions  of  cryBtallisatinri,  cfyiul- 
liees  with  varying  amonntfi  of  iratei'  {over  sulphuric  acid  in  anbyiltoui 
crystals) ;  aleo  the  soiiium  salt  N;i  AuC'l^ .  2H„0,  which  is  euplujrei) » 
"gold  salt"  in  photography  (p.  755). 

Strong  bases  decotn[)osc  both  the  trichloride  and  the  hydrwiori- 
chloric  acid,  and  a  ytdlow-brown  pmciiiitaLe  t>f  (impure)  aiiric  hydraicicic'. 
An(UH).j,  is  formed  ;  tins  is  soluble  in  excess  of  thv  base,  sini*  lli' 
hydroxidR  has  weak  acid  jiroperties  The  piiiLisium  avr"lr,  KAuU. 
which  ie  fonuc^:!  under  thes<.>  eoruUlidna  hajs  also  been  ohliiinrti  iii  i'"' 
solid  state  as  a  bright  coloured  salt,  from  "n'hicb  motnlltc  ^ulilisvcl? 
readily  procipitatod  {fjj-  by  diist}. 

By  precipitating  gold  chloride  with  baryta,  difficultly  sohible^'in'"" 
miraie.  is  obtained  whieli  leaves  a  residue  of  fairly  pure  gi«ld  hytlroiidf 
on  being  triealfd  with  dilute  nitric  acid.  TliJs  liydroxidi.-  ibies  iii^l 
dissolve  in  dilute  acids  but  dops  so  in  roncunirjitcd  iiilriL- jicid,  will" 
which  it  form»  an  aurinilric  ncid  eimilat'  to  hydroituricldoric  sciil' 
Gold  trihydroxide  must  therefoi'e  be  regarded  as  an  (essentially  wii' 
bydroxide. 

i^-om  solutions  ot  gold,  reducing  agents  of  all  kinda,  «,jr.  forroui 
ealts,  sulpbnrouft  acid,  oxaSic  acid,  etc.,  precipitftt-?  metalHi:  gold,  wh* 
acconling  to  the  conditions   of  experiioGnt,  appears  as  a  yellow 
cipitate  of  metallic  hlstre  or  as  a  bi:'.>wn  powder.     The  commence 
of  thd  separation  is  always  &ignali^cd  by  the  snlutions  assuming  a 
coloration  by  transmitted  light, 

"07.  AuroUH  Chloride.  —  My  carefnily  hoiUing  gold  chl 
to  180\  tin;  compound  AnCl  is  obtained  avuonltng  lo  ibi?-  »|iW' 
tioii:  AnCl|  =  AuCl  +  CU.  It  is  u  y«.dlaw--whiio  powder,  which  dom 
not  dissolve   in  water  but    decomposes'   aoconliiig    t«    the    etjinttiuv 
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iiC!  =  AnClj,  +  2Aii,    into    gold    iricliloi-ide,    whii:h    diaaolvca,    and 

iXallic  golii,  which  n-iuitira  Sjehmd.     Aui-oiis  chloride  foinis  with  the 

,aii  oblohdeii  complex  stilts,  winch  L'aii   be  derived   from  an  auro- 

uridioii,  AiiCl,',     They  are  olitained  by  carefully  heating  the  corre- 

Ondiiig  auric  compounds;  on  solution  in  water,  however,  these  salts 

ajcrgo  the  same  deci(in]Hjsltioii  ns  jiuroiis  diloride. 

Gg.  Sulphur  Compounds.-^On  iici'otint  of  the  reducing  a.etion  of 

[>luircllt>d  hyih'ogcii,  the  sulphur  compounds  of  thoaiirousEtinaaiu'e 

W8  BUble  aitd  more  easily  pieparud  liian  those  of  th*  auric  series. 

Uroua  sulphide,  AiuS,  is  obtfiioed  (mixed  'vvith  sulphur)  hj  passing 

iplnireitei:!  hycirogtin  into  a  boiling  solution  of  goUl  chloride.     It  iB 

dJirk  jfrecipitntQ  which  yiehb  a  brown  colloidal  solution  with  puie 

tier.     The  solution  does  not  exliibit  the  reaetioiis  of  a  sulphide,  and 

enfore  contains  only  a  ncglii^ihle  itmouiit  of  irvii. 

Aurous  sidjihide  unites   inth   iillc;Ui    snlphidoa   to  fomi   thio-salts 

the  (vrmiila  jMAuS,  which  aio  s-^lublo  in  water  b«t  are  quickly 

camposetl  in  the  air  owing  to  oxidnliou.     By    fusion  with  alkali 

phidfis,  theref&re.  gold  is  rendered  sohiMe  owing  to  the  formation 

the    abo^'e    compounds.      They   are   itninediately   decomposed   by 

!k 

On  treating  a  aolution  of  gold  chloride  in  the  coEd  with  sulphur- 
'ju\  hydrogen,  a  more  highly  siilpliurettel  campound  of  gold,  having 
proximately  the  composition  AuS  or  Aa^Sj,  is  precipitated.  It  ia 
>Uck  amorphous  tnaas  which  docompoiscs  into  ^old  and  sulphiu"  OD 
Ing  huiiLed,  is  insoluble  in  acii.is,  and  can  be  brought  into  colloidal 
inion  by  treating  with  potassium  cyanide  and  then  M*ith  pm-o  water. 
JB  precipitate  dissolves  in  yellow  but  not  in  colourless  ammonium 
phide,  xi'ilh  formation  of  nmmonmm  thionamie,  NH^AuS,. 

769.  Complex  Gold  Compounds. — As  is  evident  from  the 
on  of  the  more  siiiiple  yuld  eompouiiLls,  the  saline  derivatives 
are  chieHy  of  a  complex  ehaiwcter,  i.c.  the  gold  ia  iiot  present 
im  as  an  utemenUry  ion.  Besides  these  there  also  exist  a  krge 
imber  of  other  compl«x  gold  conipoimds ;  such  comiiounds  are 
imed  with  e:)<pticiid  readiness  with  cyanogen  and  sul])hiir. 

Tbtt  j^oLd  compounds  are  for  the  nioet  part  I'eadily  soluble  in  potaa- 
im  ejanide,  and  give  rise  chiefly  to  two  «eriea  of  salts,  the  aurouii 
d  the  auric  cyanid&s.  The  former  are  derived  from  aurtxiyanidiait, 
:(CN)j',  which  curresponds  to  argenticyanidlon,  and  are  formed  by 
solving  aiirous  compounds  in  ;i!kaii  eyitnides.  Tho  compounds  of 
second  seri'ja  are  the  salts  of  niciicijanulmi,  Au(CN)^',  and  are 
Died  from  aui*ic  comi^ounds  and  ^yitnldee ;  they  are  the  better 
Dim  and  the  more  important  of  the  two  tlassea. 

Ic  noitber  case  hiivo  tlie  free  acids  bteu  preimred,  but  a  number 
ealti  are  known.  These  an<  colourless  ;  they  do  not  o:(hihit  tk« 
ary  rtjactiona  of  gold,  and  are,  for  example,  not  nearly  so  readily 

uced  as  these. 
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The  potasaiimi  suit,  KAu{CN)^.  crysttillisps  witli  liH.O  in  etiifivt- 
less,  rE!a(JUy  soluble  pliLt«B,  uiirl  has  a  tetlinical  importniici-  in  tw 
different,  iliructtona  On  the  one  haiiil,  it  is  used  for  tha  etiH-tro-^lilm^ 
of  other  metals.  For  this  purpose  it  has  the  same  a^lvantagea  « 
are  posseijaed  by  poUasium  argenlicvaiiide  for  silvuring  (p.  Cfll).  Ai 
»  rule,  it  ia  not  first  prepared  specially,  but  pcitassium  (.'yaQiile  i* 
electrolysod  between  gold  electrodes  until  a  auffieieut  aaiounl  of  the 
fiub&t«nce  has  been  formeil  in  the  bath.  Itfi  formalitiii  takes  [Aicc 
at  the  ario<!e  where  eyanogen  is  libernted  frirni  ilio  potassium  cyaiiiiii:: 
the  former  inimed lately  yieltia  gold  cyanide  with  the  gold,  whicii 
then  dissolves  in  the  exeess  oi  )iot)iBgium  eynnide  nilh  formation  rf 
pfttaaBinm  unricyanide.  At  tha  same  time,  hydrtjgen  is  liberateil  ttiwi 
G-mstie  potash  is  f-irmed  at  the  cathode ;  the  latter  must  be  removBl 
by  addition  of  acid, 

Anotlier  application  depends  on  the  fact  that  mfltnllic  gold  Hit- 
solves  in  u  dilute  solution  (if  potaBsium  cyanide,  with  cHijjenitiod  I'l  Jhi* 
atmospheric  oxygen,  to  form  potassium  iiuneyanide,  afcuniiiig  to  liie 
equation:  2Au  +  81vCN  +  SO^  +  4HyO  =  2KAu(CN), -(- 6KUH  -  H.,0,, 
Aa  can  be  seen  from  the  equation,  cmistii:  potnsh  and  hydrngcn 
pcrosida  are  formed  besides  the  golil  salt.  It  has  already  Iwtn 
mentioned  that  tha  formation  of  the  peroxide  in  oxidations  by  meant 
of  free  oxygen  is  i\  frequent  phenomenon  {p.  160f.  The  alioit  re- 
action h  made  use  of  »n  the  large  stale  for  the  extraction  ol  jiolA 
in  thoB«  caaoa  where  it  occurs  eo  finely  divided  that  levigstion  dp 
nmnlgamatton  cannot  be  antceesfiilly  employed  (vi'lr  m/rn).  Sniulli 
AfricHii  gold,  more  ee]jecially,  is  obtained  in  thia  way.  The  goH  >" 
again  separated  by  electrolysis  from  the  solutions  (for  which  verj 
dilute  potuflsium  cyanide  must  be  employed). 

Gold  therefore  bohaves  aa  a  baac  metul  towaalg  tho  Boliilipii  "f 
potassium  cyanide,  for  it  dissolves  in  it  under  the  joint  action  of  tb» 
nlmosphiene  oxygen,  in  much  the  same  way  aa  copper  ilissolvci  in 
hydrochloric  acid  under  the  influencio  of  the  air,  .  This  la  due  t<' 
its  passing  into  a  eomplex  compound  in  which  the  toricenlrutiuin'l 
elementary  anrion  is  extremely  small.  It  hns  alrejidy  ben  ]wiiilit! 
out  that  the  umallcr  the  concentration  of  the  utetal  ion  ia  the  resiilli"i; 
solution,  the  more  does  the  metal  behave  as  a  baso  metnl  towards  l)isc 
reagent  (p.  695).  This  refers  not  only  to  the  eleL-tneal  hehaviftur, 
for  thia  is  only  an  expression  of  the  chemical  proptTties,  b«t  tn  all 
chemicnl  processes.  ^d 

These  relations  eaii  be  intarpretod  in  the  following  gonoral  mHnu^l 
As  has  already  been  freipiontly  I'niphaaiaed,  every  possibK"  snl^tnJif 
las  a  tendency  to  formation,  and  this  is  all  the  greatw  the  sinallei  il» 
concentration  at  that  point  where  it  could  be  formed.  Of  »  neci'-sfitr, 
therefore,  under  given  conditions,  traces  of  orery  pnssihlc  snhKUnf 
must  bo  formed.  The  noblfl  metals,  now,  are  those  for  which  im 
measurably   small   eoucentrations   of  their  ions  £uflieo    to  couw 
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to  tendeitfy  to  furthor  ion-forTuation.  For  this  reason  gold  appears 
■ohlbte  ill  the  oi-cliiiary  aciils.  If,  huwever,  the  corjditions  are  such 
hat  even  these  nsinute  iifnouuts  of  iotia  disiippetir  hy  being  used  up 
a  the  fanuutimi  of  ronijilex  comjioiinds,  mofe  gold  must-  pass  into 
olutioii,  and  tUs  must  continue  until  the  concGutration  of  aurion 
xcessury  for  ciiuillbriunt  haji  been  tstublisbed  in  the  solution.  A 
lolile  metal,  therefore,  will  ftppenr  as  biise  only  in  those  solutions  with 
he  coTiiponents  of  which  it  forms  complexes,  and  it  will  appear  n.11 
hf  tnorQ  hose  the  more  etitble  these  complexes  are  in  respect  »f  the 
Dotal  iijti.  or  the  leas  ihe  Ainciiint  of  nu-tiil  ion  s]ilit  ofl'  by  tlie  complex 
t  K  given,  Khsolute  coikcentnuicn.  This  viuw  has  boen  iiniverBally 
onfirmcd  by  experience. 

Wo  find  here  the  explanation  of  the  aoliihility  of  goM  in  ariun 

tgia,  although  gotil  ia  not  (or  rather,  is  only  slightly)  soluble  in  nitric 

ciJ.     The  liydroitHrichlorie  acid   which  is  formed  ia  a  comparatively 

table   complex    componnd    in    whose   solution    the   concentration    of 

.iirion   ifi  only  very  small,  while  tlia  sohition  in  nitric  acid  contains 

Qorc  j^ld  and  ia  less  stable.      Aqua  regiii,  therefore,  dissolves  gold  not 

tmute  it  is  a  stronger  oxidising  agent  than  niti'io  acid,  hitt  because 

)3d  is  a  leas  noWe  metal  with  reispect  to  iicjua  reyia  than  with  reepoct 

t  nitric  acid.      It  is  still  \css  nolile  towards  potassium  cyanide  gnlution 

id  free  oxygen,  which  are  in   themselves  no  very  effective  oxidising 

[ents. 

Gold  also  forms  complex  compoiinda  with  substances  contnining 
iphur.  The  simple  thio-acida  of  gold  have  alrcfidy  been  mentioned  ; 
B  have  Btill  to  mention  the  complex  compound  which  gold  forms 
ith  the  thibaulphat««.  'By  the  action  of  a  solution  of  sodium  thio" 
ilphat«  on  neutral  gold  (chloride,  a  »alt  of  the  composition 
B3Au(S,0.,)j  is  obtained;  it  can  l)e  precipitated  from  lh«  dilution 
f  th&  addition  of  ulcoliol,  has  a  eweet  t<ist«,  and  does  not  exhibit  the 
actions  of  the  ordinary  solutiooB  of  gold  salts.  The  corrcspomling 
ttrjthioaulphuric  acid,  HsAii(S/J3}t,  cftn  also  l>e  proparetl  by  dccom- 
Hing  th«  barintn  salt  (nbtainwl  in  a  similar  manner  to  the  potassium 
dl). 

These  compounds  play  a  r&le  in  the  "toning"  of  positive  silver 
ctures  in  phoiogrnphy,  m  they  are  contained  in  the  combined  toning 
nd  fixing  solutions. 

77fl,  Met&llurgy  of  Gold. — Since  by  far  the  InrgCBt  fininuTit  of 
aid  occurs  in  llic  niotMilic  state,  the  metallui'gy  of  {cold  was  for  long 
tOffJutnp'/ii  and  not  t\  ciwrniciii  operation,  The  auriferotis  sand  was 
"Bated  with  running  water  which  carried  aivay  thu  light  sand  but 
Ifl  tlio  heavy  grains  of  {?ild  fjehind.  If  the  gold  was  not  eonwineri 
1  sand  but  in  Lhe  noVid  rock  (c.y.  in  quart.z),  thia  oijomtion  had 
}  be  pr^^feJed  iiy  a  mechanical  disintcjinition  of  the  rock,  unless 
waa  preferred  to  fuse  the  whole  stone,  with  suitable  additions, 
iby  the  gold,  being  the  densest  component,  sank  to  the  bottom. 


PRINCIPLES  OF  INORGANIC  CHEMISTRY 


Gold,  however,  frequently  occun*  in  such  a  line  state  of  difiii 
that  it  18  Cari-ifld  away  in  thu  prg«eas  of  levigation.    In  tli«a«  case*  il 
be  estracted  with  niorciiry,  in  whii'h  il  is  readily  soluble ;  the  mei 
is  recDVfified  l>y  distilliition. 

Still  more  finely  dividaii  gold  ia  extrnctcd  with  a  very  dilau 
sftjtitioji  of  potassium  cyanide  {p,  758). 

Metfl-lliL'  ^old  18  not  Binployed  in  the  pure  state  for  coiiiJiga  uul 
articlea  of  jow&Ueiy,  as  it  is  too  eoft,  but  at  m-ftst  \s  used  in  tb» 
laboriktory  for  caustic  iilkulj  fiisiona,  l^ec^use  it  ia  more  rod&tant  w 
caiistie  po-tash  and  sod™  in  th*  \\^At  than  is  platinum  or  silver.  For 
ordiriarv  usage,  gold  is  alloyed  with  other  metals,  generally  copper. 
The  anioniit  af  gold  contained  in  the  {i.lloy  for  coinage  is  re^lateJ  W 
lioveniment :  Engliab  gold  toiiuige  contains  91  "66  per  cent  of  gold 

7T1.  Platinum. — Of  the  six  mQtals  of  the  platinum  ffdUf 
mentioned  iitiove  (p.  754)  plalinum  itself  is  the  mo»i  fruqucnl  and  tie 
must  importiint.  Like  gold  it  oeciirs  native  und  is  oljlained  V 
levig.ition.  Crude  '■pliitinnm  ore"  contains  all  six  motaU  in  vjiryitif; 
amounts,  and  miiat  bo  suhjoctad  to  a  nithur  conipliciited  proct'^s  of  w[»ri 
tion  in  order  that  the  components  nwiy  be  ohtidned  in  the  pitrt  siiiie. 

Platinum  is  a.  grey-white  metal  himng  u  densit)'  3 1  'i,  and  laelliiig 
at  1770^  It  can  be  w&lded  at  a  bnght  rod  heat,  can  bi;  dniwu  Wa 
fine  (vire,  and  possesses  grout  rosistibility  to  chemical  inflnenee^.  ]i 
ia,  more  eapeciaUy,  not  a.ppreciAhly  dissolved  by  pure  aeide ;  )« 
dnmbilily  luider  tho  action  of  Wiling  sulphuric  aeid  has  ali'eiidy  Ifna 
mentioned  (p.  28y).  It  is  dissolved  by  a*.)ua  rogia,  but  also  mthei 
slowly.  It  is  also  fairly  alablo  to  olcctrolytically  libpratcd  cblorin*. 
It  is  attacked,  however,  in  casea  where  it  can  combine  at.  k  red  lieM 
with  phosphorus;  many  a  platinum  cnicibta  haa  been  eaten  thruugh 
by  igniting  pbosph;ttea  along  with  carbon.  Platiinini  is  also'  attackefi 
by  melting  caustic  potjish  or  soda,  while  the  iilkaii  cJiriHnml^B  uui  b« 
fuao(3  without  danger  in  platinum  veaaela.  On  being  iieati.>d  fur  a  Icrnj; 
time  in  contact  with  carlwii,  the  platinum  absorbe  suum  nf  it,  ind 
becomes  brittle.  It  mixes  with  rcivdily  reducible  metals,  and  foi 
easily  fusible  alloys ;  such  mculs,  therefoi-e,  muat  not  come  into  eon 
with  hot  platinum  vessels.     It  is  indilferent  towards  hydro ttnorti' 

These    projwrties    render    platinum   of   great   value   IhjiIi   in 
laboratory  and  in  the  arts ;  indeed,  so  mucb  of  the  n»etal   is  nscd 
the  Utter,  tliat  its  jHce  has  ris»n  lo  aever.s.l  times  itg  former  value. 

Ill  the  labonttory  platinum  is  used  for  the  most  varied   pur 
in  the  form  of  cmcibies,  dishes,  wire,  and  foil,  esfwcially   fur  e 
aiialyais.     In  the  arts  it  Was  fortneily  chiefly  us^  for  conecntra' 
retorts  in  the  sniphnric  acid  manufacture.     On  account  of  the  ch 
to  the  anhydride  process  ikiw  taking  place  in  the  sulphuric  ncid  m. 
facture  (p.    -86),    the   platinnra  does  not  bocome   fix'c,   for  tlm 
process   also    rojuiros    platinum,  although  for  other    pm-jjoaes, 
commercial  electrolysis  also,  electroilea  of  platinum  arc  often  u&oc 
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•widely  extended  application  of  platLiitim  U  due  to  the  fa<^!t  that 
ooeiBcient  i>t  expansion  is  almost  the  aamc  aa  that  of  glaas. 
liiium  wiroa  are,  therefore,  employed  for  leitding  electric  coiidU'Otora 
-tight  through  glass.  Whereas,  formerly,  use  waa  made  of  this  unly 
iicientitiu  nppaintit^,  large  ^luantitipa  of  |ilatirmtii  are  now  naeil  for 
le  conducting  junctions  In  ekctrical  iti<:.iiiilesi:ont  Inmpsj  the  interior 
which  must  be  ejclaiiatifld.  Further,  much  platiTiiini  is  ueeil  in 
;tnitevhiii€8  for  coating  electriciil  coiitiicts,  since  the.  platinum  sur- 
are  not  ojcidised  by  the  spiLrka  wbieli  are  there  formed,  nud  there- 
retain  their  conductivity. 

On  aceauiii  of  hs  high  melting  point,  platinum  does  not  fuse  in 
ijnary  flatnes,  not  even  in  the  hottest  part  of  the  Buneen  flame.  It 
be  readily  fused,  however,  in  the  oxyhydrogon  flame  (p.  102),  and 
is  used  in  the  nita  on  a  lai'ge  scale  for  tlie  purpose  of  fusing 
tinum  to  a  mi^ss  ;  the  crucible  material  is  made  of  burnt  lime, 
kiinct;  moat  of  the  pUtlnum  compounds  decompose  at  a  red  boat, 
A  residue  of  metallic  platinum,  the  hitter  is  in  this  way  obtained 
SU  tiiifused,  finely  divided  mnes,  known  as  ftUiteniim  sjmkk.  In  this 
irm  pUtinum  exhibits  very  pronounced  cutalytic  properties,  chiefly  in 
c  ociieleration  of  numerous  giis  reactions.  Several  examples  'ol  this 
•ve  already  been  given  ;  the  most  important^  technically,  is  tie  pre- 
Walton  of  e«lphilr  trioJtide  by  memia  'A  spongy  j^wtinum.  It  must, 
owever,  be  emphasised  that  tiuch  catulysers  show  by  no  meiins  a 
nifoitti  behaviour  in  accelerating  all  slowly  occurring  reftclions.  On 
he  contrary,  so  far  as  yet  known,  the  relationship  between  reaction 
catalyzer  is  an  inJii-idual  one. 

"  Spongj'  platinum  waa  used  by  Ddbereincr,  tlie  discoverer  of  the 
vo  propeity,  for  the  conatmetion  "f  the  lamp  nam^d  after  him, 
hich  WAS  greatly  used  at  the  time  of 
discovery  (lSi33),  when  matches  did 
exist.  It  depends  on  the  fact  that 
cuiTt^nt  of  hydrogen  gas,  when  caused 
strike  on  n  piece  of  spongy  platinum, 
ilea  under  it«  iniluencc  so  <juickly  ^rith 
le  atmospheric  oxygen  that  the  metal 
Momes  red-hot  and  ignites  the  hydro- 
pD.  The  Dobereincr  lamp,  therefore, 
MiBisia  of  an  automatic  hydrogen  gene- 

fcUir  (the  iirnin^ement  of  which  is  seen    

tnni  Fig.  12"i),  tilled  with  zinc  and  sul- 
ifcuric  auid,  and  of  a  piece  of  platinum 

Knuge  placet!  in  a  small  box  opposite 
eexit  tap.     In  recent  times,  the  same 
tinciple  h%s  been  employed  for  the  ignition  of  gas  flames  by  the  mere 
fwoiiig  i.k[  the  tap,  especially  in  the  case  of  incandesce  tit  burners. 
Since  the  catalytic  actions  of  platinum  take  place  at  its  surface,  they 
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ore,  for  a  given  amount  of  motal,  all  tbe  more  ffiti&jilenii'Ie  llio  greai^t 
the  surface.  This  is  seen  in  the  very  linelj  di'vided  jtljiliimni  which  it 
obtained  on  rfiiiuciiig  alkaline  jilaiinum  solutions  with  orgnnic  niK 
stances,  c.ii,  furmic  acid  (p.  iQ2).  The  metal  is  then  defxjsilwl  in  the 
foitn  (if  a  very  line  powder  which,  on  nMoimt  uf  its  hliick  cnloiir,  u 
callierl  plriHiiurii.  hlad;  and  ivbich  cxhilfits  the  above-men cioned  caulylit 
pro])ertiu8  in  a  hi^h  degree.  On  l>eing  hentod  to  r«Klii*)ss,  il  lakai 
together,  stnrl  forms  ^rey  apoiigy  ]ilatinum. 

Besides  the  (^tic^lytic  aetioni^,  plntinum  Mitck  also  nxhibite  abtar^ 
bion  phenomena,  which,  by  reason  of  its  fine  divisitiiiand  correspondingly 
large  mirface,  are  as  clearly  seen  jis  in  the  ciisu  of  uharcoul  (p.  .l."!). 
On  account  of  this  property  it  la  sriiuewhat  dilGcult  to  prepiire  pliitiniio 
black  pure. 

Finally,  platiniiin  is  obtained  in  the  moei  finely  di*-idcd  sUtj;  bj 
disintegration  by  aioans  of  an  electric  arc  under  water  (Bredijj;).  A 
black-brovrn  coloured  colloidal  solation  is  thon  produced,  wkirh 
exhibits  perfectly  similar  catalytic  actions  to  tbe  other  fomis^cveii 
when  present  in  extremely  small  anionnt^.  By  addition  of  saltt,  ibf 
platinum  is  readily  prBcipitntod  from  iheso  solutionB,  and  therebv  W* 
a  gi'cat  part  of  its  catalytic  activity. 

*  AppjLrently  connected  with  thusu  catalytic  actions  is  thn  jiropi'ny 
of  platiniun  of  dissolving  large  ([uantilies  of  different  pises,  espvtiilly 
hydrogen.  Hydrogen  diffuses  through  red-hol  platiinim  with  lln- 
grcalDst  eaae ;  but,  evtin  at  the  uitlinary  teiiiperatuns,  pljitiii'im. 
especially  in  the  form  of  platinum  hlnck  or  spongy  platiiniiu.  rjn 
alisnrW  fairly  largo  qujtnttties  of  the  gtis.  Tht  hydrogen  thcrd-f 
incrwieea  enormonsly  in  reactivity,  and  acta  in  accordance  wilh  ii* 
pofiilion  in  the  potential  series  (in  the  noijt:bbou.rho(j(l  of  lend),  I'lilii' 
ing,  for  example,  more  noble  metals  from  their  salts,  and  formiiiif  ill"" 
corresponding  compounds,  i.e,  the  acid.  It  mnst  not  be  8UpiM>9ed  that 
the  chemical  affinity  or  tha  chemical  potential  of  the  Iiyilrogen  is 
changed ;  such  an  nssumption,  which  is  certainly  very  often  mM\'. 
would  be  a  contnidictaon  of  the  fundamental  laws  of  the  ihfdry  o( 
energy,  F^r,  if  it  were  the  ease,  otio  might  ^enetAte  hy'lrpiyi^n 
mthout  the  preseiLce  of  platinum,  and  then  in  the  presence  nf  plaliTniin 
allow  it  to  pass  again  into  the  same  combination,  and  would  iiM  op 
Ibbs  work  for  the  first  proecss  than  is  g;iined  in  the  aecond  ;  in  ollirf 
wonls,  any  wnonnt  of  work  wbiitever  would  he  ottained  witbrni' 
expenditure,  or  fi'om  nothing,  This,  however,  is  §hown  l)y  os|"'n- 
oiicfl  to  Irt  im|>ossil>le. 

*  The  ciuise  of  the  changed  action  of  the  plntiauiu  lies  railior  in 
the  nceeltrntioii  of  the  rcactiona  of  hydrogen,  and  ia,  llmreforr,  » 
catalytic  action.  Gaseous  hydrogen  reacts  so  slowly  at  the  onlituxT 
tempcniture  thiit  it  appears  like  nn  indifferent  aulislance,  and  fn>n 
the  fact  that  in  the  presence  of  pliitinum  the  reaction  becomea  nwlill 
in  a  short  time,  while  otherwise  it  would  require  hours  or  pcrlup 


fe.  the  TJew  has  arisen  thiit  there  is  a  cbarge  of  the  uhemit^^al 
tial. 

773.  Compounda  of  Platinum  occur  in  two  aeries,  in  which  the 
letal  acts  as  flivalent  or  Wtravalent.  The  tatMr  arc  the  better  known 
nd  the  more  stable. 

EJementary  platiniori  is  formed  neither  in  the  one  nor  the  other 
in  atij  considerable  nmoiitit ;  on  the  toiitrary,  all  the  more  stable 
junds  of  thia  meLa-l  are  of  a.  complex  character.  The  variety  of 
complesea  is  exceedingly  great;  only  »  very  few  of  them  can  be 
peated  here. 

On  dissralving  platiniini  in  aqua  regia,  a  yellow -rod  solution  is 
ormed  which,  cm  evaporation,  yields  crystals  of  kiiilTopliilinif.hl'rif 
eid^  HJ'lCI,!.  Thia  compoutiJ  is  a  strong  dibaaic  i»ci<l,  which  docs 
lOt  contain  »ny  c on siil (arable  amount  of  chloridiori,  for  it  does  not 
jre  a  precipitate  of  Hilver  chtoiida  with  silver  saltsj  but  one  of  silver 
ilktinichloTide,.  Ag.,rtC'l„.  Further,  on  electrnlyeing  a  solution  of  the 
cid  or  one  of  ita  salts,  it  is  fonnd  that  the  platinnm  moves  towards 
he  anode  nml  not  to  the  cathode,  for  the  liquid  during  electrolysis  in 
lie  neigbbourhooci  of  the  cathode  becomes  poorer,  and  in  the  neigh- 
loujhood  of  the  anoile  richer  in  platiaiim,'  which  shows  that  the 
ilatiuum  is  not  present  as  a  uiktion. 

Of  the  salts  of  hydroplatinichloric  acid,  we  have  already  met  with 
bd  difficidtEy  solubk  puhs-iium.  unit  (p.  150),  aiuce  it  is  used  for 
be  separation  and  analytical  estiniRtion  of  potassium.  It  is  a  salt 
rhich  cryEtallis«a  in  anhydrous,  regular  oct.ihedrit,  and  is  much  more 
eadiiy  soluble  in  hot  than  in  cold  wat«r,  By  addition  of  alcohol  it  is 
lmo6t  entirely  precipitated  from  its  aqueous  solution. 

Sodium  plalinicldfiriJe  is  readily  soluble  in  water,  and  crystallises 
rith  6HpO.  Ammonium  phlinicltl'fridc  resomblea  the  potnesiuni  Com- 
lound  in  being  difHcnltty  aohible  ;  it  is  used  for  the  separation  of 
pjAtTKuro  from  the  solutions  of  the  crnde  plntinUm  «>res.  On  being 
ieat«d  it  reatlily  deconi]H>.sys  into  ammonium  chloride  and  chlorine, 
rlu«h  escape,  and  metallic  platinum,  which  remains  behind  in  the  form 
I  spongy  platinum  (p.  761). 

By  carofidlj  heating  hyJroplatin  jchlot'ic  acid  in  a  current  of  chlorine, 
ialinttm  ktrtirMwiik,  PtCI^,  is  obtained  as  a  crystalline  mass  similar  to 
lydropIatiiiichJoric  acid,  b«t  not  delir|ueBcent,  It  readily  dissolves  in 
rawr  ;  the  solution  contains,  like  that  of  gold  chloride,  an  oxy-add, 
jffitCljO,  which  is  formed  by  the  absorption  of  the  elements  of 
Vbr.  The  very  diltite  solutions  have  the  remarkable  property  that 
beir  conductivity  very  rapidly  increases  when  they  are  illuminated, 


'  At   ibe  «I«ctrad(is  theniM-lTe«  the   iroction   U   uppuvDll)-  tbo  oppoKlbv  metallic 

till!  fsi-1    liiat  lilt  hyilropm,  whicli   U  cundueUd  by  Ito  current  to  tlie  cntliode, 
discharged  tliore,  but  redituui  llio  plUlnam   solution  prusout,  «tid  tbe  metal  is 


7fi4  PRINCIPLES  OF  INOfiGANIC  CHEMISTRY      catf. 

— &  behaviour   which    is   probably  connected   with  a  bydroljrais  aid    I 
splitting  off  (if  hydrochloric  acid.  ' 

Ou  adding  i^scess  of  sodium  carbonato  to  a  solution  of  li>'dro|iUtiDi- 
chloric  acid,  concentrating  und  extnictiiig  the  residue  with  acetic  acid, 
platinic  hifiii-[itide,  Pt(OH),,  ia  obhiiued  Jia  a  red-brown  ]iow<ler,  which 
is  BolublG  in  strong  acids  (hut  not  in  weak  acids  like  acetic  acirfj  *nii 
in  alktdis.  The  solulione  in  ncids  ct.nuun  platinic  salts,  whieli  Kt 
greatly  diaaociatod  hydrolytically,  l>iit  presumably  Jilso  cont&in  a  liille 
(eiraplatinu'n  (Pt"") ;  th«y  arc  of  a  yoUow-bi'owii  colour.  The  Alkaliiw 
solutions  contain  platmiks,  it.  salts  of  the  acid  HjPtOo,  &ome  of 
which  have  been  jhr^jkarecl  iti  the  solid  sta-te, 

Fixim  the  sobilions  of  the  platinum  compoiuids,  stilphnrotlcO 
hydrogen  slowly  precipitates  black  j'laHn-itm  t'liljiJndf,  which  diggoiva 
in  exceas  of  alkali  sulphides  tv  a  tlark-brown  solutiun,  with  fonnalji'ii 
of  a  thioplfltinic  acid, 

Fro]n  the  compounds  of  platinichloridiou,  compounda  of  p/iiJiW 
ridoiidion  PtCl^'  are  formed  by  mefins  of  reducinf"  ageiita.  Tbiia,  on 
warming  an  at^ueous  paste  of  potassium  plalinithloride  with  ciipmuf 
thloride,  ^  dark  eolution  is  obtained  from  which  dark-red  cryyUili  of 
the  aolublo  aalt  K^PtCI,,  aoparate  out.  The  free  acid  is  known  only 
in  solution  ;  the  anion  PtClj"  is  niby-red  in  colour.  Tha  putsissiiim 
salt  ia  employed  in  photograpiiy  for  the  production  of  platinotype*. 
%rhich  consist  of  metallic  platinum.  For  this  purpose  it  is  spread  on 
paper,  along  with  ferric  oxalate,  und  exposed  to  light;  in  the  l9i;btthc 
ferric  salt  is  reduced  to  ferrous  salt  (p,  592).  If  the  pafjer  is  then 
passed  tiirout^h  a  solution  of  potaa^ium  oxalate,  a  reducuoii  of  ibc 
plntiuiim  occurs  at  those  parts  ut  which  the  action  of  light  ha^ 
occurred,  and  a  poaittye  is  obtaiuBd  in  a  gioy-btack  colour  whicti,  in 
accordance  with  the  stability  of  metallic  platinmu,  is  very  reaistaut  to 
air  and  light.  With  a  very  weak  acid  solution  of  potaseitim  pUtin")- 
chloride,  iidau,  silver  prints  can  lie  converted  into  platinum  oiica,  Ltone 
can  "tone"  with  platinum. 

From  the  solutions  of  the  platinochlorid'Ss,  alkalis  precipitate  bbck 
^liiumts  hi/dr&ridc,  which  has  no  acid  pro})erties.  ^H 

I'luliiious  Efdm-idt-,  PtlJI„  is  obtained  by  heating  liydropUdnB^ 
chloric  acid  to  250°-30Q°,  or  by  heating  epongj'  platinum  t«  tbe 
sami!  tempfcaturfl  in  a  current  of  chlorine.  It  is  a  green  -  liromi 
powder,  wliit;h  does  rtut  dissolve  in  water,  but  \&  readily  soluble  U 
Iiyilrocbloric  acid ;  with  the  latter  it  forms  a  hydroplatiiioutloric 
scid. 

On  passing  carbon  monoxide  over  plaltnoiia  chloride,  very  renuri- 
able  compounds  ai-e  formed  which  contain  thft  component*  in  thi 
proportions  1:1,  1:2,  and  1  :  3,  The  first  volatiliaea  without  decooi- 
position  at  about  '2^^'\  and  thua  atanda  in  conspicuous  contrast  to  ill 
othi'r  platinum  compounds,  which  are  not  volatile,  bnt  decompoiein 
the  heat.     Thoy  are  yellow  or  yellow-red  cryBiallitic  auhgtMices. 
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Jlowing  a  solution  of  potnssiium  pliibiiiochloride  to  stand  witb 
iDi  nitrite  ill  a,  wanii  pincc,  jmtassiiLm  jduHnonilnt^,  K.,Pt.(NO.,},, 
B  crysullises  out  in  roiciiirleHS,  (iifficultly  aulii!j!&  <-i-jatal3.  The  free 
1,  H,Pt(XO^)j,  has  also  been  jirepared.  Tiie  Bulta  rendily  tako  up 
(  combining  weights  of  hsilogen. 

Of  the  numei'ciUB  other  series  of  complex  conipounda  whirh  platinum 
we  may  still  lueiitinn  tho  iminioiiiit  and  the  cvimngeii  cnm- 
The  iimm'ini'i  fvupoutuh  bulong  to  two  series,  correBponding 
tlittinuiiE  atiil  platinic  ckid pounds.  Thttir  empirical  cumpoEition 
It  of  diviilGiit  or  tL'tnivalent  salts  of  plntinuni  combined  with  ona 
bur  combining  weights  of  ummoniii,  NHg,  often  along  ivith  wat«r. 
peover,  thoy  exhihit  specific  properties,  showing  thai  they  are  salta 
new  cations  in  which  neither  the  auimoniji.  nor  the  platinum  gives 
itsna)  reauliona  These  compounds  are  very  simihir  Ui  the  corre- 
bdiug  compounds  of  cohalt  (p,  C2.S),  more  especially  also  in  the 
\  ibut  tlio  haltjgens  and  acid  resiilueB  present  are  only  |mrtiiilly 
kr&ted  lus  ions,  anJ  in  purt  form  cotistitiicuts  of  thu  mttons.  Tho 
bt)xidfis  of  several  of  these  have  been  prepared,  and  ■■txe  Boliible 
Kancea  with  A  strotii^ly  alkitline  reaction.  For  the  theory  of  these 
ipotinds  cf.  p.  624. 

The  complex  compounde  with  ri/annijfii  aire  derived  from  the 
lleiit  jii'iliiLiKwmiiii'm,  Pt(CN)^".  The  potassium  salt  is  formed 
disgolnn^  p)imnou8  chloride  in  a  solution  of  potaggium  cyanide, 
1  also  by  melting  potii&sium  cyauidci  with  spongy  platinum ;  it  is 
tight  yellow  Bftlt  exhibiting  u  h\a^.  irideaeonce.  Thfl  barium  com- 
tiui  U  funned  by  mining  platiiioiia  chloride  and  barium  I'.'irbonate 
b  water,  and  passing  hydroijyanic  a.dd  into  the  hot  liquid.  It  ia  a 
jht  yellow  sftit  exhibiting  violet-blue  iridescence.  Th^  raagnosiiim 
i,  which  can  he  prepjirad  in  the  same  way,  is  crimson  red  with 
en  metallic  lustre,  the  property  of  surface  irideaconec,  dependent 
the  crystalline  form,  being  pissessed  by  all  the  aalta  of  this  series. 
I  hariiim  compound  nlso  exhibits  in  a  very  marked  manner  the 
momenon  of  HuoccscencG,  and  it  eonvcrte,  not  only  the  oi-di- 
j  tdtni-violet,  but  also  the  Rontgen  and  uranium  rays  (p.  74G) 
I  visible  light,  ami  its  applicjition  U  in  accoixl;ince  with  this 
perty. 

rrom  the  aolutioii  of  the  Imriiim  salt,  the  free  ki/'in^laiimmt/ani'' 
{ is  obtained  by  tnenne  of  dilute  sulphuric  acid  ;  it  is  colourless  In 
ItJon,  but  in  the  Bolid  state  it  exhibits  a  variety  of  lustrous  colours, 
Snling  to  the  amount  of  water  it  cantjiins. 

The  salts  of  this  series  readily  take  up  two  combining  weights  of 
[►gtfii.  but  these  are  only  feebly  united  ;  the  corresponding  com- 
tnds  likewise  generally  cryst-illise  well. 

773.  PalladiUnip —Palladium  was  dificovered  by  Wollaston  in  1803 
pUtinum  ore.  It  is  the  least  noble  of  the  platinum  metalE.  as  it 
iUy  dissolves  in  nitric  acid.     Jt  rcBembka  platinum  in  ite  coiabiiiing 
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relations,   for  it  forma  (iivuleiit  and  tclrava.leril  tomjxximls ;    in  llii 
case,  however,  ihe  ilividciit  cimipounda  we  the  more  ataMe. 

Metallic  pjilLiiiium  bus  a  deiidty  of  llS,  aiid  meltti  nt  \!ii)0  .  It 
is  a  iiieULl  slmilitr  to  plutiiiLim,  a.nd  Kiia  the  Bpet.'ial  property  of  iiriiliiij 
with  large  «mounta  of  hydrogen  to  form  a  tcmipuaiid  at  nieUllie 
j)earain;o,  tha  nature  of  which  has  not  ynt  heeti  eiifBcieiilly  oxpUiiieJ. 
le  c:onibination  of  the  two  aulistfincen  takes  plai^o  most  rapiiily  M 
100",  and  is  al!  the  luore  ntpid  the  uiore  finely  the  metal  is  divided 
With  finely  divided  metal,  SOO  voliunea  of  bi^'drogeei  arc  absiirlwii  dj 
one  volume  of  the  metal.  Still  mora  hydrogen  is  abeorfjed  m 
employing  tlie  metal  a.a  cathode  in  dilute  Eulphuric  add  ;  the  nmoiLat 
of  gas  tlicn  absorbed  incroases  with  the  ati'ength  of  the  current;* 
portion  of  the  hydrogen  so  absorbed,  however,  escapes  itnmediiitelj 
tha  current  is  stopped,  while  anoth<;r  portion  is  in  stable  combination. 
If  the  temperature  ie  mised,  the  [)alladiiim  hydride  ngain  decoiii]><)8Ei 
into  it£  eompoiients ;  it  does  not,  however,  (oilow  the  oniinary  biw 
of  dissodation,  according  to  which  tho  pressure  is  inde|teiidci]l  of  tli* 
degrao  of  deaomposition  ;  in  tbia  cii.'^e  there  is  a  dependence. 

ThQ  hyth'ogen  absorbed  by  pibUodiuia  has  a  strongly  redticii^ 
(letioii,  and  it  has  therefore  often  been  regarded  as  existing  in  a  spcuii 
condition.  In  this  ci^e,  howuvor,  as  in  the  vaso  of  platicium,  we  w* 
dealing  only  with  a  catalytic  acceleration  of  ihe  reaction. 

"  If  feTilvunic  cells  are  eoniitructed  tontaining  hydrogen  along  with 
varioua  metals,  such  as  gold,  platinum,  or  pilladiuui,  no  olectrorantivc 
force  is  observed  if  the  hy(Lrof;en  is  always  present  in  exctiss.  TLi*  i» 
a  proof  that  the  chemical  potential  of  the  hydrogen  ie  not  iuereaseil  by 
th«  palladium. 

Of  the  chemical  corapiaiinds  of  palladium,  paltadum*  aitnic. 
Pd(NOy),„  laay  be  mon.tioii'ed,  which  in  formed  by  di&solYing  tbl 
metal  in  nitric  acid.  It  is  a  very  deli<|iiescent  salt^  the  aoluiion  d 
which  is  dark  btown  in  colour  ;  this  colour  rrmy  b«  Mcril>od  to  dipil- 
ladion,  Pd".  On  abiding  alkali  carbonates  to  these  enlutiona.  (mrkin 
dioxide  is  evolved,  and  a  dark  lirowii  precipitjite  of  palladions  hy'lrmtidfi 
which  on  ignition  decomposes  only  with  ditKtulty  into  metal  ami  oiP 
gen,  ia  deposited.  iJipalladiau  unites  with  iodidion  to  forra  a  dart 
lirown  comjiound,  which  i,^  soluble  with  extreme  difficulty  in  water, 
li^ince  bromidion  and  chloridiou  do  not  give  such  a  precipitjito, 
iadious  nitrate  can  ha  iLsed  as  a  rcaigont  for  lodidion. 

If  (jalJadiura  is  dissolved  in  a  large  excess  of  arjua  regia,  a  &olu! 
of  hiidrojHiititdirMonc  arid,  H..PdCln,  is  formed  from  which  tlie  pHUs- 
siuui  salt  can  be  ohtaiticd  as  »  difficultly  soliiblc  cryatalline  jiowd*' 
consisting  of  scarlet  octaliedra.  Kvcn  on  healing  tilt  wid  sulutiuu  to 
boiling,  chlorine  esc-ipas  and  hi/Jr'ijuiU'vJochltjrir  ueni,  H„PdCl,,  ib  foniiM, 
the  [^HDtassium  salt  (uf  which  is  very  fiimilar  tg  tho  correapomliit^ 
tinous  compound  (p.  764). 

Ou  evaporating  n  solution  of  palladium  in  aqua  regia  to  dry 
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rogeii  chloridt'  and  chlorine  eseajw,  iiiid  jialloiliou.-!  chhridr,  PdCl.^ 
(t)ti»iiii-i]^  which  dissolves  in  water  with  a,  ied-l»rown  noloiir. 
The  I'liiiiliiiiiriji;  weif;lii  of  [iiilhuiium  is  Pd  =  lOft-5. 
"i4.  Iridilini. — On  treating  pliiLiniim  ore  witb  iiqua  regifi,  pnrt 
ia  iri'litim  is  dit^Bolved  nlong  with  thi?  plntiniim,  nnd  {mil  I'utiiniiis 
fed  with  osmium  as  osiuindiiim,  which  is  not  attiicked  hy  aqitik 
ivgia.  Thu  dissolved  jiorttLiii  is  jireci|iitJit0d  along  with  the  plntiniim 
>y  inoians  of  itminouiuni  thlondej  iiiid  its  preaance  ja  recognised  even 
III  conipariitivelj  small  amoinils  by  ihe  fact  that  tho  compoand  of 
ilubnum  cKltiride  iind  amnionium  clilonde  has  s  j'ellaw-rcd  cr  red- 
Mown  colour  iiialead  of  brif^lit  ynllow.  Tiits  purtion  of  iridium  is  ofWn 
aft  in  tlie  i>lattiiiiiR  iie[?d  in  the  arts,  einet;  tho  meUl  thereby  becomea 
l&nler  and  iu<>re  reaistant  to  chemical  iiifluenceis. 

Pure  iridium  seartely  ni'ilta  even  in  the  oxyhydrogen  flauio,  and 
an  b*  worked  only  with  difficulty.  It  has  the  di^iisity  23,  the  hard- 
MB  of  slightly  tempered  steel,  and  is  only  slowly  attacked  evun  by 
tqua  regia  j  it  is  more  re^ulily  attacked  when  Jt  is  in  a.  state  of  fine 
iiyieion.  On  gently  henting  &  mixture  of  the  metal  and  comtoon 
tall  in  a  cuiTcnt  of  moist  chlorine,  the  former  can  be  converted  into 
tll«  sonlinm  g»lt  of  divalent  iridichloridion,  IrCl,". 

Iridium  forma  three  series  of  corapoimda  in  which  it  is  di-.  tri-.  and 
t«trav^«nt.  The  div.tUnt  compnunds  nr^  the  legist  ^livMe  and  afd 
Uttle  known  ;  the  other  two  tioriea  pass  very  rwidily  iint!  into  the 
Dtli«r,  so  that  it  i3  hardly  possible  to  s&y  which  ii  the  more  sIaHIc.  In 
botJi  series  tlie  typical  compounds  are  the  complex  iridiumchloride  ions 
— the  trivalent  itidocfalondioii,  IrCl,,'",  snd  the  divalent  iridichlorid- 
ion,  IrCl^".  The  former  anion  is.  green-brown,  the  latter  dark-rod. 
The  tfhmge  of  colour  accoBspanying  the  ready  cotiveimon  of  the  tffe 
wries  into  one  another  gave  rise   to  the  name  of  the  element  ^from 

Ka  rainbow). 
"otnmum  iiidtMirule,  KjIrCIp  resembles  polasaium  piatiidchlondfl 
a  eolitbality  relations;  it  crystallises  in  small  dark-red  octahedm, 
uid  is  obtained  by  hwiting  ii  mixture  of  finely  divided  iridium  and 
potaawiim  ohloriJe  in  a  ciu'ront  of  moist  chlorine  to  a  gentle  red  heot, 
The  corresponding  aoditim  salt  crystallises  like  the  platinum  com- 
pound witb  6H.,0,  and  is  readily  soluble.  By  reduction  with 
wlphui'iius  Hciil  in  acid  (or  with  nUohol  in  basic)  solution,  chlorino  and 
^^um  chloride  are  eplit  i  iff,  and  sodium  iridciehloride,  NfkjTrCI,,,  I2H„0, 
■uch  is  a  very  soluble  esilt,  is  obtained.  The  potnsaiiun  snlt  obtained 
rn  a  Bimilur  mainior  from  the  iritiichlonde,  ia  hIbo  readily  aohihle. 
Both   ore  readily   reconverted   by   oxidising   agents   into   the  higher 

ith  ammoiiin  iridium  forms  numerous  complex  basos,  which  are 
;lar  lo  thoHL'  of  platinum. 

The  combining  weij^ht  of  iridium  is  Ir=  I9S0. 
175.  Rhodium. — Rhodium  stands  to  iridium  iii  a  relation  similar 
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to  thut  tif  pill;u]iuni  tu  plaliniiin.  Lite  iriilium  it  forms  lliree  *«i« 
of  conijwmiifls  ;  iii  contrast  with  iridiiitu,  iiowiavor,  t3ie  bighofit  serits  u 
here  the  leaat  stable.  This  depression  of  the  region  of  sLilalitr 
towtirds  the  lower  lypu  iia  preaeia  aUo  in  the  cnse  of  palluiiiiim 
coiupiited  with  platinum,  and  occurs  in  botli  ctises  in  tlie  >elciiieiit  of 
lower  tombiiiing  weight. 

Khrjiliiim  ijwurs  in  cnmparatively  small  qnandty  in  platiriiim  nm 
It  WHS  discovered  in  1803  by  AVoUaston,  and  has  ohtAiriiH)  iu  mmr 
from  the  rose-red  coloiu-  of  itii  salts. 

MetJillic  rhiOrliiini  is  less  refractory  than  iridium,  Imi  more  so  llwa 
platinum.  In  the  pure  stiite  it  is  ductile  juid  has  the  den&ity  li 
The  finely  divided  metal  haa  very  pronotuifod  catalytic  iiropcrti»; 
for  eA'ample,  it  dccompoaea  foi-mic  acid  in  aijucoua  solii (.ion  into 
hydrogen  and  cnrl)y.n  dioxide  :  HX'O,,  =  H^  +  CO^  Le.  it  sti  grciuly 
accelerates  this  reaction,  ivhic-h  take,s  phice  of  iitsolf  in  very  ™all 
amonnt,  tbiit  the  gjiacs  (■acape  with  elfervGBeeiicB.  Olhei'  iirgHfiic 
compounds  are  also  chiinged  in  a  simihtr  mnnner ;  this  is  s  prcKif  diat 
very  many  of  these  subetaneea  are  unstahjc  tompounds.  aiid  gain  sn 
jip[]earnni;o  of  stability  only  fi-om  iho  alfiwness  of  their  apnntAtirom 
docomjiosition. 

Tilt'  iitat  known  compowndB  o£  rhodium  ai'e  those  of  the  tri\x)tiii 
type ;  from  those,  Jippareiitly.  two  difforoiit  rh<->diurach!uricii*  imis,  vu. 
KhClj""  and  KhC'V",  appenr  to  \k  derived  ;  salts,  at  leaal,  of  thwi' 
two  types  are  known.  The  alkali  salta  are  soluble  with  n  red  (dour 
in  water. 

A  faii'ly  large  number  of  complex  ammonia  coinpoundji  are  ill"! 
known  in  the  caae  of  rhodium, 

The  coniliiiiing  weight  is  Hh  ~  1*>3'0. 

776.  Osmium  ami  Ruthenium  urc  distiu^-uished  in 
characteristic  miuiner  fi'um  the  otiior  four  platinum  uieluls  hy 
ptt>perty  of  forming  readily  Volafrle  vx^/geit  cvmpmijids ;  tlieso  are  pro 
duced,  although  slowly,  by  heating  the  metals  in  the  air,  and  vobiiliK' 
Avjth  the  sleiitit  in  the  tr^atmiint  of  the  crude  platinura  orn  witli  ai"* 
regia-  These  compoiiiLda  conLiin  four  combininj^  wijriits  of  oxygen  lu 
one  of  th«  motal,  and  behave  as  almost  ind ilferen t  siibstancos ;  at  ^^ 
events,  the  acid  projierties  of  thu  hydroxides  (unkaown  in  tho  ffW 
state)  we  only  feebly  developed. 

Osmium  has  the  density  22"5  in  the  cryBtalline  state  and  »  the 
densii^t  of  all  known  siibst-ances.  It  is  almoat  infusible,  in  very  bsi"!, 
is  insohible  in  aipia  ngia,  but  passes  slowly  into  the  volatile  t#tmijcl( 
on  heating  in  oxygen.  Ky  fusion  with  zinc  nnd  treatment  of  lli'' 
alloy  with  hydrocliloric  acid,  it  is  oljtained  in  a  finely  divided  »Ufr 
sia  a  black  powdtr,  which,  on  beinj;  huated  in  the  air,  smoulders  iuiil 
forms  the  tetroxide  :  from  tin,  however,  it  is  oblikined  in  crystals 
II  mctalhc  liietre, 

Osmiriitium,  which  remains  after  troatiag  the  platinum  ore,  foi 
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hasd,  silrer-white  laminw,  and  is  used  for  tipping  gold  pen-iiitis,  which 
du  not  vre&r  dovrn  with  use.  On  being  heated  wit-li  comruou  salt  in  a 
icurreuL  of  wet  chlorine  [trutf  suj/rn)  the  ofitnium  volatiliaes  in  the  form 
&(  the  tetroxide. 

Oi^mi'itii  tftwr'uk  is  a  white,  reiirlily  fusiWe  crystalline  mass  which 
alowt/  diesoiveE  in  water  and  XiCiulily  volHtilitsea  with  Blaam.  IL  has  a 
nroog,  very  iinpleasnnt  emell,  leuiUing  thul  uf  chlorine,  and  a  highly 
poiiwnoos  action,  l>eca.U3C  it  ia  reduced  by  the  tissues  tu  motajlic 
osnuimi,  which  is  deposited  and  esercises  a  conUmiall  irritalion  ;  the 
eyeS)  more  cspeci^ly,  ure  powt-rfulLy  attacked.  The  »olutioiie  exhibit 
oxidising  actions  but  no  :ici(]  reaulion  ;  it  an  n.tka1i  i^  added,  the 
greater  portion  of  the  tetroxide  can  then  Vnr  distilltsd  off,  shovnn^  that 
the  corresponding  salt  undeigoes  hydmlysis  lo  a  largt-  extent,  and  is 
tlkerefor«  formed  only  in  very  small  amount. 

Aqueous  aolutions  of  osmium  tetroxide  are  used  iti  histology  for 
hardening  ajiiiiKd  tJjjstits. 

On  careful  i-eductirjti,  lh«  alkaline  solutions  of  osmium  tetroxide 
are  converted  into  the  salts  of  DXfminuin,  OeO^',  the  acid  not  Iwing 
known  either  in  the  free  state  or  as  the  anhydride.  That  a  new  anion 
hu  been  forroed  is  ijvidene^d  by  tho  fa«^t  that  the  liquid,  which  was 
previously  colourless,  becomes  red-violot;  on  addition  of  acids,  how- 
ei'er,  the  oamic  acid  decompoaefl  into  tetroxide,  which  volatilises,  and 
the  hydroxide  of  tetravaleait  usnunm,  which  is  depositetl  aa  a  black 
precipitate,  i(  any  nxyacid  has  been  ua«d  ;  in  hydrochloric  aeid,  how- 
ever, the  latter  is  soluble. 

With  chlinriiie,  fismiTmi  forms  two  oaniiura-chloride  iona,  OsCI^'" 
and  OsCl^'.  The  former  jinion  ia  cherry  red,  the  latter  golden  yellow. 
The  sails  of  the  second  series  are  fom^ed  by  treating  osmium  and 
alkali  chlorides  with  moist  chlorinej  those  of  the  first  are  obtained  by 
the  reduction  of  the  Jatter,  and  are  unauble. 
^^  Fiiiallj,  osmium  compounds  of  a  divalent  type  have  been  ohtainud 
^^  the  reduction  i>f  the  highor  compounds.  Tbti  corresponding  salts, 
in  which  the  oamtuiu  in  present  ae  a  divalent  cation,  itrc  dark-blue  in 

Eur ;  they  oxidise  very  readily  Ui  a  higher  stage. 
The  combining;  weight  is  Os=  191. 
777.  Knthenium  was  discovered  by  Clans  in  1845,  It  is  a  grey 
al  of  density  II,  which  fuees  only  with  difficulty  but  more  readily 
tluLti  osmium.  It  is  fairly  resistant  Co  aqua  regiu  ;  on  fusion  witii 
caustic  potash  and  saltpetre  it  ia  attacked  with  foruatioii  of  potassium 
nithenate. 

On  distilling  the  solution  produced  white  a  cUrreat  of  chlorine  ie 
at  the  same  time  |.)Eissed  through  it,  riilhtniuni  (eiroxide  passes  over  as 
a  yellow  crystalline  mass,  which  nielte  as  lyw  aa  26",  and  boils  about 
IOC'';  at  this  temperature,  liowever,  explosions  readily  occur.  It 
*eetus  to  lie  farmed  also  in  minute  traces  on  heating  the  metall  In  the 
JO,     The  vapoiu-  is  yellow,  and  the  molar  waiglit  corresponda  to  the 
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formula  KuO^.  It  dissolves  in  water,  forming  a  yellow  liquid,  which 
ie  unstable. 

From  the  oxide,  two  Beries  of  sitlts  are  formed  with  bases,  vith 
loss  of  oxygen,  viz.  the  dark  green  perruthenalfs,  MRuO^,  and  the 
orange-red  rutkenates,  M^RuO^ ;  between  these  two,  therefore,  the  Bame 
relation  exists  as  between  the  permanganates  and  the  manganates, 
and  their  reciprocal  transformation  also  takes  place  under  perfectly 
similar  conditions,  the  latter  being  more  stable  in  alkaline  liquids,  the 
former  in  acid  or  neutral. 

With  chlorine,  ruthenium  forme  compounds  of  the  di-,  tri-,  und 
tetravalent  type ;  the  last  two  form  rutheniumchloride  ions,  KuClj' 
and  RuCl/  ;  the  former  are  yellow,  the  latter  red. 

The  combining  weight  of  ruthenium  is  Ru=  101  "7. 


CHAPTER    XLIV 


TTO  CHOICE  OF  COKBININO  WEIGHTS   AND  THE   TERIODIC  SYSTEM 

7&,  Oeoeral. — ^In  the  pi-eceding  chapters  the  quwtion  as  to  wliich 
i  the  possiljle  ii]ulLi|il«s  uf  the  L'ombuiiiig  wuight  of  «a(?li  elemeiil  u 
lie  moBb  suitable  has  not  lieeii  discusaed,  mid  we  now  pi-oceed  to 
Biniiiiiit!  whelber  a  general  Answer  can  Ite  ^veii  to  the  question  at  all. 
A=  the  most  ubviuua  mine  i'.'T  ihc  olioice  of  the  uomln'jiiiig  weights, 
Ae  two  fallowiflif  will  evidently  be  laid  down,  viz.  tlie  fominlaj  shaJI, 
Q  the  firet  p]iu:e,  lie  as  .limfitr  as  possible,  and,  in  tlie  sucoiid  pWc, 
Itaittr  remprmntls  nh'iil  lutr^  siniUnr  fimiiuiie.  Tbese  two  rules  leail,  in 
noiy  Gjues,  to  coiiconlant  residts — in  other  coses,  however,  to  conbra- 

dicIOiy  DDKS. 

Thus,  according  tn  the  piinnpte  of  simi'Viatij,  the  combining  weight 
if  those  elements  which  form  only  one  compound  with  oxygen  will  lie 
ihOMn,  so  that  the  cuai[ioiind  contains  mu:  combining  weight  of  each 
ittment  This  is,  fo^r  innttuucG,  the  cuae  with  zinc  nnd  cadmium,  whose 
Utidea  are  written  ZnO  and  CdO,  In  the  eeoind  place,  in  accoi-daiue 
rith  the  pnnfipU  uj  xinii/milfi,  of  the  two  oxygt?n  (.-am pounds  of  cojiper, 
n^ric  oxide  mUbt  be  farmnlntcd  in  agreement  with  zinc  oxjde,  beCtmiee 
lies*'  two  exhibit  various  points  of  similarity  in  thrtr  compounds, 
leiice,  it  follow^,  that  cuprous  oxide  m«8t  be  written  CugO, 

If  now,  we  are  dealing  with  silver  oxide,  we  should,  in  accordance 
Hh  the  principle  of  eiiuplicity,  wTit«  the  formula  AgO,  and  ii>ake 
g  =  2I5-8.  This,  however^  would  he  In  conflict  with  thw  si-cond 
ineiciple,  for  the  silver  compounds  are  very  similar  t«i  the  cuprous 
omjmULid.s.  We  have  the  choice,  therefore,  of  violating  thf  one  or 
yr  principle  ;  they  cannot  both  !:«  followed  at  the  aime  time. 
Similar  holds  in  the  case  of  iron  and  alumiiiiiini.  On  account  of 
ntnilarity  to  zinc  oxide  and  cupric  oxide,  ferrous  oxide  must  be 
FeO  ;  from  this,  the  formula  Fe^O.,  would  follow  fur  ferric 
Aluminium  forma  only  one  oxyg-en  ciimpmnd,  and  would, 
fore,  in  accordance  with  tlie  principle  of  simplicity,  have  to  bo 
itt«ti  AlO,  Al  being  UDido  equal  to  40'&.  In  this  way,  however, 
iDtion  is  not  paid  to  the  undoubtedly  vorj'  great  sitnilarity  to  farric 
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OXJdo,  ttnd  in  order  to  give  expression  to  this  we  mufit  writ*  Al.fl 
und  tlius  violate  the  priceiple  of  airiipliciy. 

To  give  effect  to  liotli  oi  the  ^hov*!  printiplea  nt  one  and  :he  luu 
tim«  is  nob  possible  without  prodiiurig  uontrmliL'tions.  And  one  hai 
often  to  dtcido  which  of  the  two  jiriiiciploa  0110  will  violate.  In 
genural,  the  [jrinciple  of  simihirity  hue  ttie  preference. 

779.  IsomorphisEO, — It  is,  however,  not  easy  iuiiny  given  caieu 
decide  as  to  the  degree  of  similarity  to  be  taken  into  account.  Silver 
oxide  and  le^ad  oxide  also  show  ti  considerable  amount  of  simiUritj  in, 
their  geneiul  reljitiutia,  more  csjieciully  in  rpHpf^ct  of  the  solu'biiilv 'if 
tbuir  stalw,  «,nd  yet  the  two  aro  differently  fonmiluujd,  viz.  Aj;..'.'  wid 
PbO.  In  order  to  Jirnveal  dtilinite  ruleB,  wo  must  give  up  the  general 
*'  aimilarity  "  and  choose  some  demonstrable  property  as  bjisis.  h 
isoiriarphwn  (p,  311)  we  obtain  sii-ch  a  projKTty.  We  ehall  thcrc'I'Dn 
lay  down  the  principle  :  The  combining  weights  ahiill  be  chosen  sarfa 
that  isomorjihoua  tiiiiistancee  h^ve  eimilur  fornmlo:^.  Ae  4  niutt«r  li 
fiict,  this  principle  can  be  followed  without  obtaining  t'ontrmiiclintin, 
nntl  all  isomuiphoiis  pairs  and  groups*  mentioned  in  this  b'^ok  |jnv« 
received  concordant,  fonmilw. 

A  comfjlete  system  of  combining  weights,  however,  cannot  hn 
obtained  in  this  way,  since  the  isomorphons  groujis  arc  mtislty  re- 
stricted to  ft  email  numlx-r  of  compounds,  Mid  the  r-tfUlimis  i-xt^tinj; 
between  elements  )>elonginj;  to  different  groups  (e.y.  uiu-uganeBC)  an 
not  sufficient  Co  unite  all  the  ^froups.  Further  aids  miiat  there  ~ 
be  looked  for. 

780.  The  Molar  Weight.— Such  an  aid  is  affordod  by  the  con 
caption  of   molar  or  molecular  weight,  if  we  lay  down   the  cotirliUun 
that  all  fi/rmitl/e  cwreSjiMuliii'j  tn  «  m-nlar  wfi^ht  ihall   t^inlnin  unlif  a  uAofe 
vitmhcr  Iff  rurnhining  wmjhls  of  th^.  eleiimLi  (p.  90).     The  inolnr  wtjiglit 
ia  a  number  which  can  be  deduced  from   the  gaseous  densily  or  inn  ■ 
the  di.iprcs3ii)ri  of  the  freezing  point  or  elevation   of  the   Iwilin^  !'<>ifl 
(p.  159),  and  which  wui  be  deterniiniud  independently  of  doubtful  R^B 
positiona,  nnd  ]Miroly  by  exporimenL     The  question  whether  the  shove 
condition  is  fiillillefl  fan  therefore  l>e  tested  in   the  case  of  ail 
stances   which    uiri    bo   obsen-ed   in   the  gaaeous  etate   or  of  wl 
solutions  can  bo  prepiired.     As  a  matter  of  fact,  varioue  doubtful  n 
have  been  decided  by  this  means.     Thus,  for  example,  VrylliiiBi 
regarded  by  many  inveatigators  oa  an   earth  metal,  and   its  rhlorid* 
WBS,  in  analogy  to   that  of  iiliiniinium,  written  BeClj,  t,c.  there 
taken  as  the   combining  weight  of  beryllium   that  weight  whicb 
■conthined  with  3  >;  35-4G  {wrta  of  chlorine,  viz.  13  5.     WTien,  howo' 
one  aucceeded  in  determining  the  vapour  density  of  beryllium  chloride 
ita  molar  weight  waa  found  to  be  80.     PVom  thia.  it  follows  that  oalj 
h(w   combining   weights  of    chlorioe   can   be   contained  in    beryttiun 
chloride.     The  combining  weight  of  the  element  must  therefore 
taken  aa  9,  and  the  chloride  be  written  BeCl^ 
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[Tiese  consiJerfitions,  of  cour-sc,  lesul  much  furth-er  than  those  of 
jrphJsui  alone,  hut  i<v«^n  they  are  not  perfectly  decifiive.  Il  is, 
id,  cunc&iv&hle.  »Itliou^L  gvneraliy  not  vory  probable,  that  besides 
lompoiiuds  whose  molar  wt-ights  are  known,  other  compoiinils  of 
liciilar  element  exist,  th«  mol.'ir  weight  of  which  contiims  only  a, 
ion  of  the  combining  weight  deiincud  from  the  former  compound. 
would  nut  necessitate  a  €ontmdiction  to  the  other  compounds,  ItUb 
d  merely  lead  to  the  assumption  of  several  combining  weights  in 
ormer  compounds.  In  other  words,  from  the  molar  weights  there 
le  deduced  only  the  limit  abov€  which  the  combining  weight  does 
li«,  but  it  cannot  be  proved  thai  the  combining  weight  is  not 
ctioo  of  that  hitherto  chosen, 

'81.  The  Atomic  Heat.— A  law  discovered  in  1818  by  DiUong 
Patit,  !ind  which  iuw  since  then  been  continued  in  many  other 
I,  admits  of  no  such  doubt.  Thiis  states  that  the  tberma!  capacity 
18  elements  referred  ta  one  combining  weight,  or  thu  afimm  hfoi, 
FtataT)t  and  Qf[ual  to  about  &  calottes  or  25  ij  for  each  degree, 
iy  the  term  thermal  capacity  of  a  body  there  is  understood  the 

between  the  amount  of  heal  communicated  to  tlie  body  and  the 
LiiiHL  of  temperature  wliicli  the  latter  ex]>erienc6s.  If,  therefore, 
heat  y  IB  introduced  into  the  body,  the  teraporatnre  of  which 
iby  rises  T,  the  therniial  cap;icity  of  the  lK>dy  ia  k^Q/l.  This 
itity  i  is  evidfttitly  proportional  to  the  weight  of  ihe  Ixidy  investi- 
3,  for  the  elevation  of  tempenitiire  will  be  smaller  in  the  same 
ortion  as  the  amount  nf  subetance  increaees  to  which  the  same 
lity  of  hcjit  ia  communicated.      It  has,  however,  also  been  found 

equal  weights  of  different  snfeetiinces  exjieiwiice  very  different 
kCiou  of  temperature;  with  the  same  amount  of  heat  :  that  is, 
ther  words,  the  specific  heal  of  different  subRtancea  is  different, 
rhe  term  s/n'tj/ic  heat  has  been  aiiplieil  to  the  thermal  capacity 
red  to  the  unit  of  weight.  If,  however,  wo  refer  the  thermal 
aty  not  to  ei|nal  weights.  Imt  weights  which  are  in  thp  ratio 
tie  combining  weights,  Ifiese  qwiDtUirs  of  siihihiife  kaix  llir-  mine 
tal  coprtnii/  when  wo  are  dealing  with  the  elnnr.Hls  in  the  solid 
.  Oilling  the  thermid  capacity  refciTed  to  the  combining  or 
lie  weight,  by  the  name  alonik  Jiatl,  the  law  states  tliat  Ihe  atomic 

of  llif.  siiiixl  e.leniJ'nls  rir''  efjiiaJ. 

Phis  law  is  not  universally  valid.  In  the  first  place,  as  above- 
tinned,  it  iit  valid  only  for  the  solid  state;  liqnid,  and  espe'ciHlly 
ma  elements,  arc  not  suhjeci  to  it.     Further,  it  is  valid  not  for  all 

elements,  hut  only  for  those  whose  combining  weight  ia  not  leas 

30.  The  elements  which  are  below  tliia  limit  have,  in  the  sdnsd 
e  law,  too  small  tan  atomic  hoaL 

'82.  Kesillt. — If  we  now  ask  how  those  different  principles  for 
:hoice  of  the  combining  weight  can  be  united,  in  so  far  as  they 
t  the  saia*  elements,  we  find  that  they  agree  well  with  one  another. 
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A  system  o(  combining;  weights  can  I>e  drjiwii  ii]>  winch  allows  gf  thf 
expression  of  nil  igomorpliLsin  relations  by  >c.-oncciiv!ant  formuli^,  anil  ol 
all  molar  weights  by  irtflgral  values  of  the  combining  weights,  Mti 
whereby  also  llie  atoiiiie  bents  of  the  solid  elements  (with  combiiiing 
wtiiyht  above  30)  are  expressed  by  ap|ii-oxii\iately  the  sanie  niimlien, 
Th&se  are  the  combining  weights  of  which  use  has  continually  Kiifi 
m»de  in  this  book,  and  which  are  at  the  present  day  universaJS) 
aecepted  by  the  chemists  of  uU  coiintries.  Mowhero  in  iHls  workbai 
it  bocti  ne-cesaary  to  write  formula'  refiresentiriy  Eictually  dcierrain«) 
moiar  weights  ivith  fraeliona '  of  the  combining  weights.  Further,  to 
all  cases  of  iaomorpliisia.  the  formulie  of  isomorphic  conipoiuiiiif  on 
similar,  ami  that  the  rule  of  Duloiig  iintl  Petit  is  fulfilled  i^  seen  frtjtn 
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783,  The  Periodic  System. —  Attention  lias  hfen  r«'[n-aiedlj 
drawn  to  the  exiatenue  of  ivguUritiflS  between  the  cumTiiiiin);  w.-iijhii 
of  similjir  elcmi'rils,  which  generally  aasuiiiwd  the  fuini  that  tiiv  nil 
fereiicea  in  the  numerical  rulucs  of  corresponding  eleroents  in  dill-'reivi 
groups  are  apfiroximiiLely  equal.  The  <)iiostioii  bcra  arises  whriiier 
we  !ire  dealiiig  with  any  Ciiirly  genersU  rogulurity,  Piid  if  so  how  lliis  ii 
to  be  expressed. 

The  answer  has  been  sought  for  in  very  difFerent  wayB.  A«  nwnl, 
the  simpleat  has  been  arrived  at  last.  If  the  elements  .ire  arrnri^eil  m 
a  series  simply  according  to  tho  immerical  values  of  th«  coniliiniog 

'  In  iiijiiP  few  cksm  fp/irtiftni  h»vo  l-weft  M'liLtrii  in  tbi-  •Utvtiirnt  of  IW  www  rf 
crynliil! imilinn  ol'  inlta.  Siiii't?,  ftl  [ire.-writ,  niilnr  wc'iirlita  iitu  It-  <li-lrTinltvT<d  only  if 
guaw  ur  vujioim  iiiiil  lor  illEanlVHil  untiiitJinEitn.  Ijut  Jiot  tur  nuUil  ■ulutiiitcn^  Ui  i 
tradiutiou  exietJ. 
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i^U  without  regard  to  any  other  circumstatice,  tlie  following  is  the 
tulu 
In  this  series  similar  el^tinents  always  occur  at  regular  intervals.  If 
:□  the  geritH  is  divideii  iuto  a  Jiumlier  of  sectioDs,  so  thut  eiiLh  section 
mences  with  a  memher  of  a  definite  faraily,  it  is  founii  that  tho 
cond,  thiril,  and  following  positions  of  the  sections  are  alao  tilled  hy 
bmeiits  j?orrogjioiidiiig  to  one  another. 
The  t<il)le  on  p.  770  bus  arisen  liy  dividing;  the  aeries  of  the  elements, 
determnied  bj  the  vidiies  of  the  combining  weights,  into  snch 
ctdonK;  these  sections  liave  then  been  |]1aved  one  below  the  other, 
I  this  way  jjerpfnciiculaf  eolumns  are  obtained  in  which  similar  or 
iftteJ  uk^iiient.'^  :iUi.nd  UJider  one  another. 

The  difl'ertinl  i-own  havu  ulao  been  alteniately  shiftuJ  somewhat 
datively  to  one  aiiothe]'.  A»  can  be  seen,  the  miituul  relation  between 
lose  elements  >t'bich  are  moat  closely  allied  to  one  another  thereby 
iceives  loiter  exjirossion. 

Thits,  in   the   column  headed  0,  wa  find  all  the  elements  of  the 
typf,  which  are  distinguished  by  their  inability  to  form  chemical 
lunda      Under   I.   there  ai'C,  on   the  one  hand^  the  monovalent 
metals,  on  thu  other  band  tho  wenovolmt  heavy  metals,  copper, 
iver,  gold. 

Under  II.  there  stand  the  dmiknt  alkaline  earth  metals,  and  along 
,th  them  the  dimlenl  heavy  metals  of  the  zinc  group. 
Under  III.  are  the  himknt  earth  taeitals  «bng  with  the  correspond- 
heavy  metiils,  {;alliiim  and  indium. 

Under  IV,    the   Ittrixniknl  elements  are  found.     The   fir«t  repiM- 

of  these  have  no  longer  a  metallic  chjiracier,  just  a»  the 

i^neUl  appew&d  in  the  preetJing  group  ui  the  case  of  boron  j 

metaU  of  the  titjiiiiiim  group  on  the  one  hand,  and  of  the  tin 

lUp  on  the  other,  then  follow. 

Column  V.  also  cfjntiiina,  lo  hegiu  with,  non-metals  which  can  act 
IrimUnl  or  as  ffitt-iriileiLt  ,■    in    iha   lower  portion    there  are   the 
Bresjionding  tri-  and  pentavalcnt  mcLBla. 

In  column  VI.  are  di-  and  iiei'iniknt  el^menis  ;  the  non-metallic 
.raeter  can  be  followed  further  down  the  column. 
Column  VII.  contains,  the  typical  non-metals,  the  halogens,  which  caJi 
it,  on  the  one  band,  as  wwinvalent — on  the  other  hand,  as  Acj/tovalojit. 
Finally,  the  last  column  contains  the  two  families  of  the  iron  metaU 
id  the  plntinuni  met^tJs,  which  do  not  quite  fall  into  lino  with  the 
t  of  the  system. 

Ill  all  these  i:uliimiis.  the  ^^encnil  rule  can  be  obaerved  that  the  Iiasic 

npertieu  {i.e.  the  teiidfut-y  l«  form  cations)  iiicrcaiiGs  with  increasing 

ibining  woij;ht;  the  power  of  forming  anions,  however,  decreases. 

At,  can   he  seen,   the    (able   is   not  complete,   but  contains  many 

itjons  iinJiJIfil.      It  cannot  be  olherwiae,  for  there  is  no  justification 

the  asBumption  that  nil   existing  elements   have  already  been  dis- 
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wvered  and  inveatigated.  It  ia,  however,  worthy  of  notii:e  that  iip  to 
the  combining  weight  1  40,  scarcely  aii  element  is  wanting.  At  this 
point  thcTo  ia  a  large  blank,  and  oiilj  between  170  and  210  ia  thoro 
agiiiii  some  rlegrec  of  completeness.  At  tlie  time,  about  18fi0,  when 
the  rcigidantica  above  described  were  diflcovered  by  Newlands,  L. 
Mejer,  and  Slcndek'flf,  many  more  of  the  elomanta  were  wantini^,  and 
it  wae  poesible,  according  to  the  law  of  aimilarity,  to  predict  witli  Very 
fair  .-niproxinrntion  the  propertieB  of  those  elements  whose  \>hws  were 
empty.  In  this  way  Meudel^cf,  especially,  predicted  the  projierties  of 
severul  elements  unknown  at  that  time,  and  the  digcoveries  which  were 
eubsiifjiiontly  made  amply  cOnlirraed  moat  «f  these  predictions. 

Besides  the  general  relations  uf'ohemiml  (.■omliinution,  the  arrange- 
snt  of  the  elements  according  to  the  mrtgiiitude  of  their  combining 

jhta  affords  a  fairly   complete  aintrniniisii/hii.   nf   the  jikjfsknl  jtro- 

U.1,  both  of  th<!  tVeo  elementB  and  of  their  corresponding  com- 
pounds. Thu6,  on  passing  continuously  along  the  honzti'ntal  rows,  we 
pass  through  a  regular  ti-ansition  from  the  region  of  the  metals  to  that 
of  the  iion-metala,  to  again  commence  with  meti^h  at  the  he(,nnniTig  of 
a  new  row. 

The  whole  aeries,  then,  fidls  into  a  iiamber  of  periods,  and  tha 
whole  system  has  therefore  received  the  name  ji'i-imiis  [niv.  The 
periodic  character  ia  seen  moat  clearly  'hy  gi-apbically  representing 
definite  properties  of  the  elemetitg.  Such  a  repreGeiitntion  is  given 
in  Fi,^.  I2ti  of  two  properties,  the  atomic  volume'  and  the  melting 
point. 

Most  of  the   properties  of   the  elements,   bo  far   as   they   can   be 
measiu-ed,  yield  similar  figures,  so  that   it  has  been  stated  generally  : 
3V  prvpetim  of  the  ilemeiU^  arc  pcrk4k  Jvxd.hnf  of  their  t^mil'hm^ 
meights. 

■  The  same  relations  are  seen  also  in  the  case  of  comparable 
componnds,  e.g,  the  oxides,  chlorides,  sulphides,  etc.,  in  respect  o( 
tlicir  (iifterent  ]>ropeptiea.  Compnre,  for  example,  the  solubility 
relations  of  the  chloritiea  of   the  elements  and  their  behaviour  gone- 

Clly  with  water,  in  the  light  of  the  table. 
The  form  of  the  above  regularities,  finally,  leads  to  the  vJew  that 
e  values  of  the  combining  weights  themselves  must  stand  in  a 
regular  relation  to  one  another.  The  first  idoi  is  that  the  members 
are  (iharacterised  by  constant  differences  of  their  combining  weights. 
AVe  can  at  once  satisfy  ouraelves,  however,  that  only  a  very  rough 
approximation  to  aueh  a  relation  exists.  Thus,  for  example,  the 
difTcrencefl  between  the  correspond iTig  element*  of  the  first  and  second 
horizontal  series  amonnt  to — 16,  16,  lo"3,  16'1,  16"4,  17'0,  16*1,  16'5, 
and  is  therefore  fairly  const&nt  although  the  deviations  are  far  above 

'   By  otomU  volume  U  menut  the  cioduct  of  tli?  cxleneity  Htiil  the  coniMuInK  ^ 
lu  ai:c>^r<l>Ln^<^  with  l.liu  ile^iiition  of  exte-nsitv   {\i-  ^T),   it  n9pr«H(.'iiU<  thfr  Tolums 

ipicil  h)  the  comliining  w^iglit  in  grains  of  ti>«  particulAr  eltfftcvt. 
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Ortliobtiric'  ntiiJ,  13F>                         ^^^H 

^H      Niclii'lioii,  <!:i6 

OrtEmelium.  5<17                                            fl 

^^M      NickvlouB  uv-unidc,  627 

UnlinpbD'ii ill  uric  nciil,  3tlG            ^^^H 

^H      NiotiiiDii,  .lii,  72S.  728 

OrthnsTli'ML-  ui^lil,  i'ii                   ^^^H 

^^P           cotiitiiiiio);  weight,  H6,  T'iS 

Osmii'  will.  7tI9                             ^^^H 

^^1         oxyk:hlorii!e,  I'iS 

fismiriiUniib,  rtfS                                    V 

^^1         iico'tocliluri'l-e,  728 

Osmium,  UO,  T6U                                1 

^^H           peato^iide,  (28 

ui'ii II hilling  ucigliU  ijC,  799             H 

^H           IriL'lLlond&  728 

lijilroKiilf,  7fl9                                    1 

^H      Nitrnuis,  320,  324 

tutroxide.  7ll'il                            ^^^fl 

^H      Nititt  ntid,  320 

Usmol.ic  jirvHSUTi;.  I)I7                  ^^^^| 

^^1           nuhy^ilriile,  325 

InwH                                        ^^^1 

^^M          cltcnilcal  ;jnip«rties  oT.  132!^ 

OuLrr  wurlil.                                  ^^^H 

^^K           Ueal  of  fQiiiiuliaTi.  32£ 

Oxululu  Qi  koa,  m                   ^^H 

^^K         id>.'ntlfluntiori  tif,  SS-l 

OmUc  rcM,  -tlfi                            ^^H 

^H         n]t>  of,  321 

OxM«M-3,  .^B8                                 ^^H 

^^V          BoluCion  of  mebilB  in,  1137 

Onidilinij,  138                              ^^^ 

^H       Nitm  oxkle,  a2fi 

or  phiupliarus  in  n'ir,  Utt               S 

^^B           voinpomiil^  with  iron  salts,  32(1.  .'>!'l 

OiEiitatliiim.'M'eiirTsnoeiiflij'droKvcipmS 

^M      Nitrila.  421 

In,  liaS                                            ■ 

^H       Nltrlttta,  S32 

Ox  i  lies,  S5                                          ■ 

^^1      tfiUo-i:anpoiiudh  334>  337 

Usl4i<')iiK  iit!«nt«i  l.'~i  323.  iMtf.  «*)(    ■ 

^^1          argniiic,  331 

flame  o!  ILiij  Buuavii  burtirr.  tlJf        1 

^H       Niti'n^Fii,  -!!<,  316 

Ovy)!«n,  ;ti{.,  47.  02                             ■ 

^^1            ba^t^nn.  ^f<l 

mill  i.«rii1l^.  SI                                            1 

^K          cumbluliig  welgbt,  14(3,  31t) 

cuuililiifuf;  -wcjglit.  1  m              ^^H 

^^m         datectioti  of  tlt«  atr-compoutidi  of,  SSb 

cuiiiiuen'lal,  79                        ^^H 

^^H           orgnalc,  3,^1 

dcmlty.  Is                             ^^H 

^^H           □Kj'-cenipoiinda  of,  S2Q 

7S                               ^^H 

^^H                 cal<il}-tic:  acliouH  of,  3SB 

plLfsicnl  ptii{wrlicsc,  Hti              ^^^^| 

^^H          ovfg«u-tiy4rii||[tTi  oampoiiDiix,  34S 

rL':U!l  i<~ih  uf,  Oi                              ^^^^M 

^^H           peatiixiiib.  32^ 

Ox)'-li,viti'iit'E?ii  fluiie.  102           ^^^1 

^^H           fiHT oxide,  327 

oiiiuB.  m,  357                    ^^H 

^H               bmt  of  fonDKtioii,  330 

■Dil  QxyKon,  81                      ^^^1 

^^B               pn:]iariilloD,  m 

^^^H 

^H           trioxide,  332 

PrUlinlium.  00,  706                               V 

^H       KitruaiilpKonif  neid,  88J> 

tlilorl.!^  7t)7                                   1 

^H         Nitrd-ij'l  i.'hlnride,  S88 

tnniblniiig  wvlglit,  im,  707            1 

^H       NiU-ouH  .i^jit,  33'^ 

hyilriilf,  7'i(i                                       1 

^H                iJ2(I 

uitntir.  7Q(}                                          1 

^H           ■uhydritle,  USS 

Parti&l  preuurcH,  Dultini'*  law  of,  91  1 

^H        axiiiiv  sai 

Piu«irE  stale  of  cliromlntii.  H 1 1            1 

^M       Hitryi  cLloHrk-,  333 

K'HriatljiDiile  odd.  301.  SO.t                ■ 

^H       Nmi-aiiiiiliii'lorFi,  L9^ 

Pmlibrntt^.  i'il                                   M 

^^1       Non-iiK'tols,  IS 

PurchtarJL-  nciil.  ^91                         ^^^ 

^H       Norcual  g4«,  SO 

rurclhroriik  nti>l,  (US                   ^^^^| 

^^L          pmisore.  07 

rLkriadiktt*,  240                         ^^H 
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item,  771,  774 

PiDch-cock,  87 

white.  552 

Pink  salt,  734 

IDioD,  601 

Pipettes,  190 

c  acid.  603 

Pitchblende,  745 

■.Qi 

Piaster  of  Paris,  529 

0,  mi 

Platinatea.  764 

mobile,  31,  135 

PUtinio  hydroxide,  764 

>t  kiud,  13(> 

PlatinochloridioQ,  764 

otid  kind,  136 

Platinocyanidion,  765 

es,  770 

Platiuotype,  764 

c  acid,  296 

Platinoua  chloride,  764 

hydroiide,  764 

408 

Platinum,  60,  760 

6-17 

black.  762 

173.  174 

catalytic  actions  of,  701 

combiQing  weight,  146,  754 

1 

complex  componnds,  763 

ileiD,  153 

metala,  754 

IS,  397 

sponge,  106,  781 

n.  367,  368 

tetrachloride,  763 

.  367 

Piumbion,  655 

lylxtic  acid,  752 

Poison-flour,  718 

in,  360 

PoiaoDOQS  action  of  mercnry  lalta  67'2 

50 

Polarisation,  626 

■euce,  531 

Polonium,  747 

^e:it  paint,  631 

Polymolybdic  acida,  751 

acid.  364,  365 

Polymorphiam,  241,  620 

ic  dcterniination  of,  744 

Polysulphiiles.  279 

,  531 

Polytliiooic  acids,  301 

a  acid,  370 

Porcelain,  666 

,  49,  362 

Potash  caustic,  463 

fi'rms  of,  353 

PoUshes.  52,  461 

i  weight.  146,  357 

Potassamide,  474 

>u  of,  64 

Potaasion,  443 

!63 

reactions  ot^  444,  448 

359 

Pota^ium,  52,  442 

360 

amalgam,  451 

:60 

argeuticyanide,  691 

de,  369 

aurate,  756 

iiidu,  363 

auricyauide,  768 

>ride,  361 

bicarbonate,  463 

ride,  363 

bisulphate,  465 

:,  364 

bromate,  460 

on.  352,  533 

bromide,  455 

carbonate,  461 

,  363 

chlorate,  467 

oride,  375 

chloride,  465 

^omiiouud-s  of,  374 

chromate,  66,  616 

e,  361 

combining  weight,  146,  443 

c,  363 

cyanate,  472 

363 

cyanide,  471 

57 

dichromate,  616 

3 

ferrate.  587 

ual  acliina.  181 

ferrouyanidc,  588 

stty,  172 

fen-i -oxalate,  592 

ic  prill  ts  687 

feiTO-oialaEe,  692 

of,  759 

fluoride,  456 

>-,  683,  688 

fluorothorate,  742 

,  cbemical.  592,  672 

fluountalate,  728 

enomena,  3 

hydride,  473 

hydrasulphide.  466 
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!           PotBSiiinu.  hydtoxiile,  iM 

PutpLirtQ-sdta,  '}2&                         ^^^H 

clieinioul  piDperlie^  i.if,  'ISS 

l>;-jitc»,  537                                           ^^H 

^H         1ailul«,  i60 

Pyioant[iniin«t»!S,  713                     ^^^H 

^^M        lodiile.  4S0 

FvToludto,  B99                                     V 

^^H        irii1<>ctiloride.  7&7 

?)-iOpliosp1icnic  aeiil,  3SS,  339               ■ 

^^H         uitrAt^  467 

I\Tosuliiliiiric  aciJ,  284                        1 

pprosulpliurouB  bcW,  385                      1 
Pv-roaalphutyl  clilcriile.  307                   ■ 

^H        DitritQ,  470 

PJ-Totpchiiics,  f>J9,  553                             ■ 

^H                      473 

^H          pet iimiib'Aiiate,  iipaljticnl  ai'plioMioti  of, 

Quuilmtk  s<fstvniF  366                 ^^^H 

Qimrte,  51                                    ^^H 

Quickliini!,  M9                                ^^^| 

^H       pfT'^i^ipiia.te,  ma 

A  (su  consUiitJ,  SO                    ^^^1 

^H          ].i1nt.inii.ili1aTL(!e,  ~S3                                           Radlclsfl,  404                                   ^^^H 

^H           jiliLliuo'.'Llnride,  rill                                           Rndio-nctivity.  746                        ^^^| 

^H           |)lnttiii>i'yniii>lf,_7<ir'                                            Kadiuiij.  747                                    ^^H 

^H           plutiDiiiiitriti;,  ''i^ 

cnrnUuing  weigbt.  lit             ^^^M 

^1             prlj-siilchidea  "f..  4tl7 

Ramsay,  43S.  71S                      ^^H 

^^1           pyf  i4<i  1 1'lijxt^-,  465 

HajkigVi,  486                                 ^^^H 

^H           pyTosiilpIiito,  4i''i 

R^BctioQ,  but  of,  IBS                  ^^^H 

^H           siUcnU.  470 

1&V  rrf.   133                                 ^^H 

^^1          sLIkotluoriile,  471 

BenctioDH.  35                              ^^^H 

^^B           9ul|)1iail«.  4i.iS 

gaoloi^ULl.  423                          ^^^^H 

^^B                SQt]lhillt,    J6<1 

lTit«rmcil1al«,  €60                   ^^H 

^^H          3iil|iliilci  41^6 

niirce^iTu,  law  of,  210            ^^^^| 

^^H           tetr"xalii,lv,  472 

Ucitgei^t^,  3&                                  ^^^1 

^^1           tliiocyniiAte,  472 

IL.^,dgiu'.                                          ^^^H 

^^V           tttiiiute.  T37 

RAcrVHtallJimtlou,  220                    ^^^1 

^M       PoLflBlUl,  IdB 

Bed  'liTC\  m^                                 ^^H 

^1            ioiiH,  2-13 

Rmlucing  ugenU,  (tU7                 ^^^H 

^H              ut  Ul-lllt,  i>14 

ll.inie.  415                                   ^^^H 

^H            ^vrit.^  <if  lliv  lucUls,  D4fi 

Bediictinii!,  138,  B78                         V 

^H        Poller's  fATtlj,  5I!5 

Rcrrigorutlag  luiwliine*,  848        ^^^B 

^H        Priigti<4yiii>uiii.  54,  5ti$,  570 

Hegulcr  eY?t«i»,  287                     ^^^H 

^H            cuviibiuiug  wi-ipht,  146 

Ri'ich.                                             ^^H 

^B        PraaeO'ERlU.  'nh 

Re^tardura,  lOS                              ^^^1 

^H        PtHipltnt^,  fiiAiliK  CSl 

1Utr..rt.  11  n                                   ^^H 

^H         inninnik,  'isi 

livvi^med  proccsaN,  S9                ^^^1 

^H         ntfipiUtiuii,  tlioorj-  ot,  447 

tttiixUniEi.  DO.  7^7                         ^^M 

^H         Prctuiii'L',  LTitifal,  391 

clJorijic  coiuiranndi  of,  Tfi*    ^^H 

^H             iii|liii>vce  o!,  0)1  rleiiiiitf,  3D 

conibiiiiPg  woiyLl,  148,  Ttf"           V 

^^k                 on  mehia^  fioint  ol  iw.  1S2 

Ithoiobic  ny«tem,  2S8                   ^^^B 

^^k              ou  mliibUity.  217 

Kkliter.  729                                 ^^H 

^^B           Dstiiotlc  S47 

Rouk  crystal.  42li                        ^^H 

^H               Inwsot,  646 

unit.  4S4                                      ^^B 

^M         Priestlo'i  U7 

Kubiiljiim.  ^'A  Gt}3                            ■ 

H          rriinnry  sdb,  S7D 

CO  [111  lining  weight,  14(1,  605            ■ 

^H          PliutJs  pliol^'gi  npliic:,  SST 

RuUv,  f-ifO                                              ■ 

^^B          Hrnoc'i^^,  cliurnjuil,  7 

Rii,)^rfs  drops,  538                      ^^M 

^H            »|ioiiti.ui.'mi'i1y  occurriiig,  Sll 

[luilin^.  f'71                                  ^^H 

^m         Prii|)U»i'.  408 

Riitli«iinti'H,  770                           ^^^1 

^H          PriiperUes.  Q 

Kulliiiiiio-clilnndiciu.  ""0            ^^B 

^H               i')nct;ic>«  af  law  of,  8 

Uatli«miini.  (ift.  7dfl            _                ■ 

^H           Priitiiplaanii  3r>!3 

toml'Uilnit  weigM,  14^,  7iO           H 

^H           Pni!)Miui  lit'ii^  '''SS 

l^tri^idi.',  769'                               ■ 

^H          Priisfl&li::  '^l  j'utiuli,  yullow,  S8B 

Bulile,  737                               ^^m 

^^M          PvaMte  acii\.  419 

^H              Pi«UlloH)1Ulii:ill3>  4S7 

3«]  aminnulitb,  Ifr,  511                ^^^^ 
miriihile,  4»0                           ^^H 
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el,  416,  472 

Silver  iodide,  689 

17,  49,  52 

metaUurgy,  696 

1,  485 

nitrate,  686 

183,  200 

oxide,  685 

r  of  mixed,  220 

Bub-cliloride,  687 

543 

KUlphate,  690 

oil  of,  249 

sulphide,  691 

i70 

thiocyanste,  694 

ilO 

Simple  substancei,  10 

270 

Siutering,  103,  382 

<;  270 

Slaking  of  lime,  519 

'  of,  445 

Smalt,  55,  622 

tmiHtry  of,  203 

Smoky  quartz,  425 

568 

topaz,  426 

g  iveight,  146 

Snow  crystals,  119 

f20 

Soapstone.  546 

425 

Soda,  52,  498 

60 

ash,  499 

35 

caustic,  35,  161,  482 

□mpoands,  407 

crysUle,  499 

54.  568,  569 

felttpar.  567 

g  weight,  146,  556 

lime,  519 

,  352.  548,  749,  751 

water-glass,  603 

e*ii.  719 

Soddv,  748 

749 

Sodioii.  478 

19 

Sodium,  52,  84,  475 

alt,  713 

aceUte,  503 

i42 

action  on  water,  84,  163 

,er  green.  719 

ammomum  phospliate.  512 

484 

tiicarbonate,  498 

bisulphate,  494 

alts,  270 

liorate,  603 

.  313 

broniate,  488 

^i.],  312 

lironiide,  486 

314 

carbonate.  497 

8,  309 

chlorate,  214,  4S8 

^  weight.  148,  309,  310 

chloride,  484 

lessto  light,  310 

chloroiridite,  767 

■ide,  313 

chromate,  616 

(1  hydrogen,  310 

combiuiug  weight,  146,  604 

is  of  tlie  l^alaoce,  25 

dichroniate,  616 

546 

flame  coloration,  478 

■6 

hydroxide,  482 

426 

hypobroniite,  231 

424 

ioilide,  486 

420 

metallic,  476 

ni,  430 

metaphoepliate,  502 

15  weiglit,  146,  424''- 

nitrate.  469 

125 

nitrite,  490 

loiis,  425 

peroxide,  483 

131 

phosphate,  501 

130 

platinichloride.  763 

i83 

poly^uljil lilies,  495 

688 

press.  478 

p  [)l.ite-;.  688 

pyroplioapliale,  502 

,  tiOH 

silicote,  502 

est! 

antpbate,  490 

I  HL-ighl.  146,  684 

solubility  relations  of,  490 

i--,  toiiiplex,  695 

sulphide,  495 

391 

SQlphite,  494 

m  of,  696 

thiosulphate,  495 
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Solar  Hpeotnun,  98,  480 
Solder,  503 

sort,  603,  735 
Soldering,  503 
Solid  bodies,  13 

BUbstancei,  inflnence  on  cheruical  equil- 
ibrium, 102 
Solnbilitiea,  measuremeDt  of  amfdl,  620 
Solubility,  444 

«nd  heat  of  Bolution,  2IB 

curve,  480 

iuttiience  of  temperature   aod   pressure 
on,  217 

of  a  salt  in  presence  of  it«  acid.  658 

of  different  forms  of  ft  substance,  261 

ofgaaea,  274 

of  aalts,  216,  446 

apparent  increaae  of,  445 

diininntion  of,  416 

product,  447 
Solutiou  equilibrium,  theory  of,  446 

heat  of,  anil  solubility,  219 

law  of,  and  law  of  distribution,  276 

aaturateil,  444 

supersaturated,  217,  444 
Solutions,  9 

electrolytic,  200 

colloidal,  427 
Solution,  pure,  10 
Solvay,  501 
Soot,  382 
Space.  5 

Spathiu  iron  ore,  5S0 
Spetilic  griiTity,  27 

bva-U  773 
Spectrum  analysis,  61 

of  hydrogen.  97 
Spectrum  plieuoTnena,  479 
Si<ecular  metal.  736 
Spinel.  561 
Spirit,  408 

of  hartsliorn,  343 

of  nine,  40S 
Spot  test,  527 
Square  cenliiuetre.  6 
Stability,  regions  of,  257 
SUndanl  oelK  t!34 
StAunnles.  734 
Stanuii-  aoid,  734 

c!ili>ri.K'.  733 

hydroside,  733,  734 

suipliide.  735 
Stauuouj  br'iiinile.  733 

ehloriJf,  732,  733 

hvdroxidf,  (32 

i.^ide.  733 

sulphiiie.  i"(3 
Starch  i,i.lide.  235 
Stassfurt  salt'bed-s  455.  542 
St**l,  572 

chromium,  610 


Stone  age,  426 
Stoneware,  566 
Strength  of  acida,  244 

of  current,  196 
StroQtianite,  649 
Strontion,  549 
Strontium,  63,  648 

carbonate,  546 

combining  weight,  146,  548 

hydroxide,  549 

nitrate,  549 

oxide,  648 

sulphate,  549 
Struvite,  ,14') 
Sub-chlorides,  175 
Sublimate,  672 
Substances,  1 

pure,  9 

andeconiposable,  43 
Snbstitntiou,  404 
Sulphamide,  346 
Sulphamiaic  acid,  347 
Sulphur,  48,  266 

amorphous,  259 

bromide.  304 

chlorides  of.  304 

combining  weight,  143.  307 

compounds,  complei,  681 
of  phosphorus,  374 

dioxide,  281 

(towers  of,  269,  263 

6uori<le,  304 

milk  of.  258,  2S0,  531 

mouochloride,  304 

regeneration,  500,  531 

toll.  263 

trioxide.  2S5 

vapour,  262 
Sulpimpetled  hydn^ec  269.  2;0.  5>'i 

an^lytioal  reactions.  277 

evolutiou.  iheory  of.  276 

salts  of,  272 

strength  of.  276 

ih-jruincheuiiitrT  of.  2*0 
Sulphuric  aciiL  2^^ 

applications  of.  292 

aqueou.i.  291 

i-blorides  of.  S'.'J 

ilivomiHisinon  of,  294 

dihvdrate,  291 

w!i'~  of,  292 

preparation  fror^  ferr.^ai  sslpbiic. 

soli.L  ■>?■ 

irs:  for.  in  anairiis.  '*^" 
!        Ibermi>;hen;ii;ry  'i.  i,--;- 
I   Sulphur-Tjs  *(id,  :;j2 
■        l-leKUi^g  »c:;oa  :-L  'l-- 
iii7*.>rutio:;  t-f.  2*2 
Sal ;-'::.urv lilt :de>  :U? 
Sulpburyl  i^:,--:ie,  S-:-." 
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ydroi  If  chloride,  305 

vapour,  130 
,',  119 

water,  130 

si  ■olutiona,  217.  444 
;ion.  217 

emtcal,  147 

f  cryslAls,  26S 

:  ink,  S21 

99 

linium  chloride,  562 


9,  726,  728 

;  weight,  146,  728 

ic,  68 
I,  448 
I,  315 

8,  309,  31  i 
315 

;  weight,  146,  309,  314 
U 
114 

ide,  315 
lis 

id,  314 
;  absolute,  71 
91 

on  density,  SO 
an  solubility,  217 
on   velocity    of  chemic&l    re- 
66,  107 

'f  steel,  572 
cid,  436 
ethnne,  405 
in,  733 

acid.  301,  803 
on,  750 
n.  745 
■oiide,  701 
702 

9,  700,  701 
r,  699 

!  weight,  146,  702 
>niide,  701 
,  700 
701 

roi 

1.  700 

1 

50 

700 
701 

4B4 

lacity,  164,  439,  773 
iiicnl  equatioDS,  165 
nistry,  162 


HermochemistT]'  of  the  halogens,  253 

of  hydrogen  chloride,  202 

of  hydrogen  sulphide,  280 

of  mercury,  682 

of  oitric  acid,  325 

of  oxygen  compounds  of  chloritie,  224 

of  salts,  203 

of  sulphuric  acid,  295 

of  sulphurous  acid,  285 
Thio-acids,  418 
Thioantimoaates,  718 
Thioarsenates,  724 
Thioarsenites,  721 
Thioearbonates,  418 
Thiocarbonic  acid,  418 
ThiocyanamoQ,  422 
Thiocyanic  acid,  422 
Thiocyanogen,  422 
Thiogermanat«s,  739 
Thiomolybdates,  763 
TTiiopiatinio  ftcid,  764 
Thiostanoates,  735 

Thiosulphates,    solubility  of  silver  com- 
pounds in,  Q95 
Thiosulpbnric  acid,  298 
Thiotungstates,  751 
Thioranadates,  728 
Thomas'  slag,  532,  595 
Thoria,  740.  741 
Thorite,  740 
Thorion,  740 
Thorium,  59,  740 

combining  weight,  146,  740 

nitrate,  741 

rays,  742 

sulphate,  741 
Thulium,  combining  weight,  146 
Time,  5 
Tin,  59,  731 

alloys,  735 

combining  weight.  146,  732 

foil,  731 

salt,  733 

tetrachloride,  733 
Tinned  iron. -^36 
Tinstone,  59 
Titanfluoridioa,  737 
TitauiuQi,  59,  736 

combining  weight,  146,  738 

cyanide,  738 

dioxide,  737 

nitride,  738 

tetrachloride,  737 
Tilratiou,  190 
Toluene.  30 

Toning  and  fixing  bath,  759 
Toning  in  photography,  759 
Total  energy,  211 
Transition  point,^ 
Tricalciun^ih 
TrichroiBlilf 
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^^H           Trklinic  lynCKiu.  260 

VMiadiiini.  723                              ^M 

^H            TrictilialUon.  023 

voiulrinuig  wfi^t.  llfi,  728        ^M 

^H            Triilyniite.  320 

iflicbloTi'le.  T'S                              ^M 

^^1           Triftirrian,  .'I'l 

diosiij*.  7:^7                                ^M 

^H           TrignllioD.  72f 

■DcioUk.  72'                       ^^^H 

^^H              TriiiDtin!  tyttBin,  2S7 

sitri'le,  72*                           ^^^^1 

^H           Tri-indioii,  730 

«xycliloriiI«.  T'U                 ^^^^M 

^H           Tri-iolidiou,  -iSS 

jHDtiuiilfihiilc,  72ti              ^^^^M 

^^1            Triiuuigiiiiiou.  IJBS 

pcuioxide,  7'M                     ^^^^^t 

^^B           Trii>lH  poiiii,  13 1 

tettachliinrle,  727                ^^^^| 

^^H            TrisoJIiim  phoHpbatr ,  SOS 

tricldcnide.  737                   ^^^H 

^^B           Tri»til|>!ui]iiiiik  ni'Ui,  347 

bioiide,                              ^^^^1 

^p               Tnttiionio  acid,  »Q1,  30'2 

Vwiitdy!  tricWoridc  727 

1                  TritilAuion,  726 

Vspniir  dEnsiLies,  T&rpng.  3S7 

W                 TrivaatAioD,  T2'i 

Vftjraur  pressure.  12L' 

Troua,  498 

of  ice,  135 

Taff,  tlienual,  523 

of  anull  drop*.  2S1 

Tungsluii,  5C,  i43.  "4fl 

Vaniwh,  59S 

broiiiie,  "50 

Volocity  of  diemical  retteUnti^  M 

vUoriiicii,  lo'i 

teuipcratvre  on,  $6,  107 

eomliiiiitig  wvighl,  HB,  749 

Venligris,  04  S 

oxyeliliffniia,  750 

Tinegu,  403 

Bled.  7411 

Vllriol,  678 

ruljibiilL'.  751 

oil  of,  prepantiDH  Trom  femuu. 

Irtoilile,  71!* 

Ii7B 

Timgntk  MiA,  719 

Voli.  196,  US 

cdloMoI,  7-19 

Voltntc  cell.  630.  (f42 

TiiriiK-Tic,  153 

com  plci  taltf  ID,  002 

Turfwtli  iiiifti-ral.  672 

Vftlun.*.  critic*!.  301 

Tim)iiijiM!,  &'1T 

ratlnutoxygtin  ASil  bjilrogeo,  1 

rypU'ilieUl,  715 

tl Nellie,  27 

Volvnies,  law  oU  in  gMMns  com 

Ultroiuorilie,  fil(7 

H2 

Units  atisolut*!  33 

Vnlcoiusiikg  oC  eoouUliinic,  S04 

elMtrienl,  IPf! 

UuBiLtuntteti  >:oln]iAUiiilK,  410 

Water,  4G,  OS,  lOB 

ftiilutious,  '217 

fiction  of  ^oUiuui  on,  1S8 

Unslalile  n;gi<in.  120 

as  jijlv  uiit,  1  :jt) 

Uiuaiiini.  55,  713 

batb,  129 

tlilorlilos,  745 

clicmicnl  proiwrllua  of,  1S7 

i^atiibiuliiii;  wdijliU  IJd,  743 

GoelBciftit  of  compru^iUty  ot 

gliv",  745 

colaur  af,   IIU 

rnjN  7 'lit 

campoitillan  of,  13S 

lriliyilroKl(i«,  74(1 

Uei:oiii[>ot.itioii,  1 40 

yellow.  74  5 

dL-ii-Hily,  li-2 

1  irwiims  byiiroiJile.  745 

!le>[ip]iili;ui:v  ot   Its  tapuiir   pn 

Mlu.  745 

lenipenitun,  1^3 

IJrniiyl,  74u 

gait.  101                                   ^^H 

uiunintihuii  pliotgilmt^,  7^' 

glaiis,  4(0                                    ^^^H 

]jyilrDxiilr,  744 

hanliipsp,  of,  i'2i                         ^^^^H 

iow,  7 a 

heal  of  forniaLioa  of.  IdS             H 

nitruli.-,  714 

heat  oC  vapomation  ot.  VJS        ^M 

oji«lfl.U'.  744 

liquid,  (l^reei  ot  Ircciloiii  ot  lllH 

'       jiliD]i|iliiiW,  74* 

pure,  lOe                                        ^M 

aulirlintv,  74S 

i-apiour,  dentity  and  «Staiislt]r  al^| 

*         Vni>,  41>S 

iu  this  Mr,  1 25                         ^M 

Urea,  3Pa 

Wrtti.  644                                       ^1 

tyiilliBsU  of,  428 

WelgH  33                                         ^1 

dliuu^e  af,  Is  ohaiuit?al  proMMi^H 

VnUiicy,  376,  377 

ciirDi-FTViilion  o(,  16                   ~^H 

Vftliditj  of  livfs,  nlsohlc,  9 

iutrKuse  ur,  iu  cotabuatioiitj^^H 

^BIHH^^H 

^^^J 
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Welding,  572 
WeldoD  mild,  600 
White  lead,  660 
Witherite,  552 
Wiihler,  398,  567 
Wollaaton,  765.  768 
Wollastonite,  636 
Work,  19 

Goii.s«n'atioD  of,  20 

lead,  665,  696 

uait  of,  S3 

Xenon,  52,  440 

combintDg  weight,  146,  440 

Ytterbium,  54,  568 

combiniDg  weight,  146 
Yttrium,  54,  568,  569 

Zero,  absolute,  70 
Zinc,  55,  S6,  628 

bknde,  633 

carbonste,  632 
I      chloride,  632 


Zinc,  combining  weight,  146 

commercial  preparation,  629 

dost,  629 

hydroxide,  630 

oxidie,  631 

OKjcliloride,  632 

silicate,  633 

aolutioQ  in  acids,  629 

sulphate,  632 

sulphide,  633 

vitriol,  632 
■     white,  631 
Ziucates,  631 
Zincion,  629 
Zircon,  739 
ZircoDia,  739 
Zircon  ion,  740 
Zirconium,  59,  739 

combiniug  weight,  146,  73i* 

hydroxide,  739 

salts,  740 

silicate,  739 

sulphate,  740 

tetrachkvide,  740 
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